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Description 



[0001] This Invention relates to the detection of inclu- 
sions in liquids. IVtore partlcutarly this invention relates 
to the detection of air and gas bubbles in biological or 
phannaceutical liquids such as blood. 

Background of the Invention 

[0002] An artificial Iddney apparatus is an extracor- 
poreal blood circulation and processing system In which 
blood is rennoved from a patient, dialyzed to remove im- 
purities and excess liquid, and returned to the patient. 
[0003] In chronic care dialysis the patient typically is 
suffering from long temd or end stage renal failure. Al- 
though the chronic care dialysis patient is quite ill, the 
patienfs condition is usually relatively stable. The 
chronic patient typically visits a dialysis center periodi- 
cally, approximately two or three times a week, to be 
dialyzed. Blood flows and amounts of fluids and impuri- 
ties removed are relatively large and removed over a 
relatively short time. Acute care dialysis is more typical 
of temporary renal failure, such as from trauma. Under 
these circumstances the patienfs body is often unable 
to withstand the relatively drastic and sudden changes 
that accompany chronic care dialysis. It Is. therefore, de- 
sirable to dialyze the patient continuously at very low 
blood flow rates. 

[0004] An objective common to virtually all extracor- 
poreal circulation and processing systems for biologk^al 
liquids, such as blood, and to infusion of biological liq- 
uids, such as blood or blood components, and pharma- 
ceutical liquids, such as saline solution and intravenous 
medications, is to minimize or eliminate the infusion of 
undissolved air or gases (refen-ed to simply as "air" 
hereafter) into the body of the patient. The air may take 
the fonti of fairly large bubbles or may be In the fomn of 
much smaller bubbles refen^ed to as microbubbles. It is 
well known that the infusion of large bubbles of air can 
result in injury or death to the patient. The effects of a 
small number of microbubbles are less serious, but it is 
generally considered prudent to limit the total amount or 
rate of air Infused in the fonn of microbubbles. 
[0005] In chronic care dialysis air Is typically removed 
and detected in a drip chamber located in a return line 
to the patient. The drip chamber is a relatively large vol- 
ume resen^oir with an air-blood interface configured to 
induce air bubbles to coalesce and leave the blood at 
the air-blood interface. Exemplary drip chambers are il- 
lustrated in U.S. Patents No. 4,102,655 Issued in 1978 
to Jeffery et al. , 4,666,598 and 4,681 ,606 issued in 1 987 
to Swan, Jr., et al. issued in 1987 to Heath et al. The 
possibility of Infusing air into the patient is relatively easy 
to detect in a drip chamber because a build up of air will 
cause the level of blood in the chamber to drop. Neces- 
sary protective measures can be initiated when the 
blood level in the drip chamber drops below a predeter- 
mined level. 



[0008] In acute care dialysis the blood flow rate 
through the artifcial kidney apparatus is much lower 
than In typk:al chronic care dialysis. In acute care dial- 
ysis It is disadvantageous to use a drip chamber be- 
s cause of an increased possibility of bk>od clot f omriation 
due to low blood velocity and the presence of the air- 
blood interface. In order to detect bubbles at these low 
blood flow rates it is desirable to detect theni directly in 
the tubing of the line that returns treated blood to the 
10 patient, rather than using a drip chamber. Of course, tub- 
ing type air bubble detectors may also be used advan- 
tageously in conjunction with chrx)nic care dialysis arti- 
ficial kidney apparatus and in any other situation where 
it is desired to detect the passage of air, such as in cen- 
ts junction with the Itifuston of a pharmaceutical liquid or a 
biologk:al liquid. Tubing type air bubble detectors may 
further be used advantageously in conjunction with 
blood apheresis and cardiovascular bypass proce- 
dures. 

20 [0007] Furthemiore, because acute care dialysis is 
continuous, the cumulative effects of mcrobubbles, 
while not welt understood, may be more important in 
acute care dialysis than in chronic care dial^is. 
[0008] Air detectors typically comprise a transmitting 

25 means and a receiving means. The transmitting means 
transmits a signal, such as an ultrasonk: signal, through 
a chamber or tubing. The receiving means detects the 
signal and interprets it. The liquid and inclusions atten- 
uate the signals differently. For example, blood and oth- 

30 er liquids attenuate ultrasonic signals relatively little, 
while air and other gases attenuate ultrasonic signals 
relatively greatly. By monitoring the degree of attenua- 
tion of the ultrasonic signal as it passes through the 
chamber or tubing, it is possible to interpret a decrease 

35 in the strength of the signal received by the receiving 
means as indicative of the presence of a bubble. Ultra- 
sonic air bubble detectors (U ABDs) are described gen- 
erally In U.S. Patents No. 3,921 ,622 issued in 1975 to 
Cole, 3,974,681 issued in 1976 to Nameiy, 4,068,521 

40 issued in 1978 to Consentino et al., 4,341,116 Issued in 
1982 to Bilstad et al., 4,418,565 issued in 1983 to St. 
John, 4,487,601 issued in 1984 to Lindeman, 4,607,520 
issued in 1986 to Dam, 4.651 ,555 issued In 1987 to Dam 
and 5,191 ,795 issued in 1993 to Fellinghan et al. 

45 [0009] One major problem presented by using a 
UABD or other air detector on tubing Is that the charac- 
teristics of the detection environment change over time 
during a given procedure and vary from procedure to 
procedure. For example, the ultrasonk; signal output of 

50 the transmitting means may vary, the type of tubing may 
vary and its characteristics may change with time and 
the sensitivity of the receiving means may vary. In addi- 
tion, the typical electronic components of a UABD have 
manufacturing tolerances which can cause variation be- 

55 tween othenwise identical UABDs . These variations may 
not be significant in a chronic care dialysis procedure, 
because the relatively short duration of the procedure 
limits their effect. Furthenmore, when detecting air In a 
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drip chamber, variations in the detection environment 
have a less significant effect because a drip chamber 
air detector is essentially a blood level detector, requir- 
ing less sensitivity. The variability may be nnore inripor- 
tant during acute care diatysis because the patient will 
be connected to the artificial kidney apparatus for an ex- 
tended period of time when compared with chronic care 
dialysis, allowing for the accumulation of a greater total 
effect due to the variations. In some UABDs used in ar- 
tificial kidney apparatus an automatic gain control 
(AGC) circuit adjusts the gain of an amplifier stage in 
the receiving means to maintain a relatively constant av- 
erage output signal from the amplifier stage in order to 
compensate for variations In the detection environment. 
[0010] U.S. Patent No. 4,015,464 issued in 1977 to 
Miller et al. illustrates a UABD in which two ultrasonic 
transducers, between which the conduit is located, are 
part of a positive feedback loop forming an oscillatory 
circuit and which determine the amplitude in said oscil- 
latory circuit. Said amplitude changes rapidly due to par- 
ticles in the conduit and changes slowly due to slowly 
varying characteristics of the detection environment. In 
order to cancel out slowly varying amplitude changes 
due to said slowly varying characteristics of the detec: 
tion environment the gain of the ampillf ier In the positive 
feedback loop is adjusted by means of a negative feed- 
back loop to maintain the amplified signal constant. 
Thus in this prior art the average level of the signal that 
is transmitted into the conduit by the transmitting trans- 
ducer is maintained constant by adjusting the amplifica- 
tion gain of the signal received by the receiving trans- 
ducer In this way the average level of the signal trans- 
mitted by the transmitting transducer, which signal con- 
situtes the output signal, no longer varies due to the 
slowly varying characteristics of the detection environ- 
ment, whereas the average signal received by the re- 
ceiving transducer continues to vary due to the slowly 
varying characteristics of the detection environment. 
[0011] According to our present invention the average 
level of the signal that Is transmitted by the transmitting 
transducer is adjusted to maintain the average level of 
the signal received by the receiving transducer con- 
stant, i.e. the average level of the signal transmitted by 
the transmitting transducer varies due to the slowly var- 
ying characteristics of the detection environment, while 
the average level of the signal received by said receiving 
transducer, which consitutes the output signal, does not 
vary due to the slowly varying characteristics of the de- 
tection environment. 

[0012] As stated above, the patient undergoing acute 
care diatysis will be connected to an artificial kidney ap- 
paratus system for extended periods of time. Because 
of this it is not only desirable to prevent infusion of bub- 
bles above a certain size but it is also important that a 
volume of air infused in a given period of time in the f omn 
of bubbles smaller than the discrete bubble size limit, 
be limited. 

[001 3] In order for the ultrasonic signal to be transmit- 
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ted through a tube property the tubing holders used to 
hold the tube In position desirably positively retain the 
tube in a position where it is ultrasonically coupled to 
the tubing holders. Tubing holders such as those pro- 

5 posed in U.S. Patent No, 4,41 8.565 issued in 1983 to 
St. John rely on friction and defomnation of a resilient 
tube to hold the tube in place and do not positively retain 
the tube. Doors have been used to force the tubing Into 
a tubing holder and to retain the tubing in place positive- 

10 ly, but the doors can break off, creating a maintenance 
task. 

[001 4] It is against this backg rou nd that the improved 
UABD of the present invention developed. 

15 Summary of the Invention 

[0015] According to one aspect of the present inven- 
tion, there is provided an inclusion detector for detecting 
the presence of Inclusions in a flow of a liquid in accord- 
20 ance with claim 1 . 

[0016] According to a further aspect of the present in- 
vention, there is provided a method of detecting the 
presence of inclustons in a liquid in accordance with 
claim 24. 

25 [0017] The present inventton provides a method and 
apparatus for detecting inclusions in a Hquid flow, such 
as air bubbles in a blood flow, that compensates for 
changes in the detection environment without affecting 
the sensitivity of detection. Inclusions are detected by 

30 transmitting a signal through the fluid and receiving and 
interpreting the received signal based on the expected 
degree of attenuation for the liquid and the inclusions. 
The level or amplitude of the transmitted signal is ad- 
justed to maintain a constant average level of the de- 

35 tected signal, thus compensating for changes In the de- 
tection environment. The average level of the transmit- 
ted signal may be controlled by integrating the received 
signal using an integrator with a time constant much 
longer than the time constant of the expected inclusion 

40 signals, and comparing the integrated signal to a con- 
stant reference level. 

[0018] The present invention also provides a method 
and apparatus for ultrasonk: air bubble detection that 
detects microbubbles and accounts for the total volume 

45 of air in the form of microbubbles that is infused into a 
patient. The presence of microbubbles is detected as 
indicated above and a signal comprising a string of high 
frequency pulses is generated while the microbubbles 
are present. By counting the pu Ises, in conjunction with 

50 knowledge about the flow of liquid and the anticipated 
size of the microbubbles, the total amount of air that 
passes by the detector within a given time period is as- 
certained. 

[0019] The apparatus of the present invention may in- 
55 cludeatubing holder for reliably retaining a flexible tube 
in an inclusion detector. Such a tubing holder has tubing 
retention grooves fomied into tu bing engagement faces, 
the tubing engagement faces being spaced closer to- 
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gether than the tube diameter. The tube is inserted into 
the tubing holder by compressing and defomfiing It 
against the tubing engagement faces, until It reaches 
the tubing retaining grooves. Once within the tubing en- 
gagement grooves the tube returns to near its original 
shape and is held In the grooves by its own resilience 
until it is manually defonned and removed. 
[0020] A naore complete appreciation of the present 
invention and Its advantages can be obtained from un- 
derstanding the accompanying drawings, which are 
summarized briefly below, the following detailed de- 
scription of a presently preferred embodiment of the in- 
vention, and the appended claims. 

Brief Description of the Drawings 

[0021] Fig. 1 is a block diagram of an acute care arti- 
ficial kidney apparatus incorporating the improved ultra- 
sonic air bubble detector (UA6D) of the present inven- 
tion. 

[0022] Fig. 2 is a block diagram of the improved UABD 
of the present invention illustrated in Fig. 1 . 
[0023] Fig. 3 is a schemata diagram of an exemplary 
oscillator circuit incorporated in the improved UABD il- 
lustrated In Fig. 2. 

[0024] Fig. 4 is a schematic diagram of an exemplary 
amplifier/driver circuit incorporated in the improved 
UABD illustrated in Fig. 2. 

[0025] Fig. 5 Is a schematic diagram of an exemplary 
voltage amplifier circuit Incorporated In the Improved 
UABD illustrated In Fig. 2. 

[0026] Fig. 6 is a schematic diagram of an exemplary 
demodulator circuit incorporated in the improved UABD 

illustrated in Fig. 2. 

[0027] Fig. 7 is a schematic diagram of an exemplary 
filter circuit Incorporated in the improved UABD illustrat- 
ed In Fig. 2. 

[0028] Fig. 8 is a schemata diagram of an exemplary 
automatic level control circuit incorporated in the im- 
proved UABD illustrated In Fig. 2. 
[0029] Fig. 9 Is a schematic diagram of an exemplary 
test circuit incorporated in the improved UABD Illustrat- 
ed in Fig. 2. 

[0030] Fig. 1 0 is a schematic diagram of an exemplary 
comparator circuit Incorporated in the improved UABD 

illustrated In Fig. 2. 

[0031] Fig. 11 is a flow chart diagram illustrating the 
detection of certain component failures in the improved 
UABD illustrated in Fig. 2 

[0032] Fig. 12 Is a flow chart diagram illustrating the 
detection of a large bubble and certain component fail- 
ures in the improved UABD illustrated in Fig. 2 
[0033] Fig. 13 is a flow chart diagram illustrating the 
detection of microbubbles in the improved UABD illus- 
trated In Fig. 2 

[0034] Fig. 14 is a top perspective view of the tubing 
holder of the present invention with transducer mounting 
blocks in place. 



[0035] Fig. 1 5 is a bottom perspective view of the tub- 
ing holder shown in Fig. 14 with transducer mounting 
blocks removed. 

[0036] Fig. 16 is an exploded top perspective view of 
5 the transducer mounting blocks of the tubing holder 
shown In Fig. 14 with the housing omitted. 
[0037] Fig. 1 7 is a sectional view taken substantially' 
at line 17-17 in Fig. 16. 

[0038] Fig. 18 is a sectional view taken substantially 
10 at line 18-1 8 in Fig. 14 illustrating the tube partially In- 
serted into the tubing holder. 

[0039] Fig. 1 9 is the sectional view of Fig. 18 Illustrat- 
ing the tube inserted into and retained by the tubing 
holder 

IS 

Detailed Description 

[0040] A preferred embodiment of the ultrasonic air 
bubble detector (UABD) of the present invention will be 

20 described by reference to Figs. 1 -20. Like reference nu- 
merals In different figures denote like parts. 
[0041] Although described by reference to a UABD it 
will be appreciated by those having skill in the art that 
aspects of the present invention may be applied to the 

25 detection of other inclusions in liquids, such as the de- 
tection of solid inclusions. It will be further appreciated 
by those having skill in the art that the invention is ap- 
plicable to other signal types, such as infrared, visible 
and ultraviolet light, radiation or radio frequency energy, 

30 which are differently attenuated by a liquid and the in- 
clusions to be detected. 

[0042] Refenring to Fig. 1 , an acute care artificial kid- 
ney apparatus 20 includes the UABD 22 of the present 
Invention and two microprocessors 24, 26 for monitoring 

35 and controlling the acute care artificial kidney apparatus 
20. The monitor microprocessor 24 and the control mi- 
croprocessor 26 are complennentary units which com- 
municate 28 with each other to compare various oper- 
ating parameters of the artificial kidney apparatus 20, 

40 thus guarding against a single point component failure 
causing patient Injury. The UABD 22 incorporates a bub- 
ble detector circuit 30 and a tubing holder 32 for trans- 
mitting and receiving an ultrasonic signal through a tube 
34 through which blood 36 is flowing. The tube 34 is typ- 

45 ically flexible plastic tubing that is part of a disposable 
tubing kit used in a blood processing system. The tubing 
holder 32 comprises a first or transmitter mounting block 
38 into which a piezoelectric ultrasonic transmitting 
transducer 40 is mounted and a second or receiver 

so mounting block 42 into whk:h a piezoelectric ultrasonk: 
receiving transducer 44 is mounted. The piezoelectric 
transducers 40,44 provide an efficient method for elec- 
trical to ultrasonic and ultrasonic to electrical energy 
conversion. Ultrasound emitted by the transmitting 

S5 transducer 40 is sent through the tube 34 and blood 36 
and is detected by the receiving transducer 44. The tube 
is held between the two transducers 40, 44 by the 
mounting blocks 38, 42 of the tubing hokler 32. A slight 
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curved or arcuate surface in each mounting blocic 38, 
42 holds tlie tube 34 in piace and provides the neces- 
sary contact area to enhance sound coupling into the 
fluid filled tube with a minimum of defomnation of the 
tube. The bubble detector circuit 30 generates an elec- s 
thcal drive signal 46 which drives the transmitting trans- 
ducer 40. The transmitting transducer 40 vibrates me- 
chanically in response to the drive signal 46 causing an 
ultrasonic signal to pass through the tube 34 and blood 
36. The ultrasonic signal causes the receiving transduc- io 
er 44 to vibrate mechanically producing an electrical re- 
ceived signal 48. When an air bubble passes through 
the detection area, some of the sound is absorted and 
causes a reduction or attenuation of level of sound de- 
tectedby the receiving transducer 44. The receivedsig- is 
nal 48 is related to the bubble size. The bubble detector 
circuit 30 receives the received signal 48 from the re- 
ceiving transducer 44 in inverse proportion to the air in 
the blood 36. 

[0043] The bubbles cause reductions in the received so 
signal 48 that range from about 5%, for very small bub- 
bles, to almost 100% for much larger bubbles. Bubbles 
larger than about 8 microliters OxL) in volume (2.5 mil- 
limeters (mm) in diameter) block a substantial portion of 
the signal from reaching the receiving transducer 44. 2S 
Small bubbles of about 1 \lL in volume (0.58 mm diam- 
eter) produce ultrasound signals that correspond to 
about 12% of the nomrial quiescent ultrasonic signal. 
When no tube 34 is in place, or when the tube 34 is not 
filled with fluid 36, virtually no ultrasonic signal is re- 30 
ceived. 

[0044] The received signal 48 Is interpreted by the 
bubble detector circuit 30 to create a plurality of output 
signals 50, 52, 54, 56, 58 which are then transmitted to 
the monitor microprocessor 24 and control mtcroproc- 35 
\ essor 26. In addition to the signals sent to the micro- 

processors 24, 26, the microprocessors can each gen- 
erate a test initiation signal 60, 62 which simulates the 
occurrence of a bubble and verifies that the bubble de- 
tector circuit 30 is functioning properly. During initial sys- 40 
tem turn-on or at any other time, the entire bubble de- 
tector circuit 30 can be tested. Both large and small bub- 
ble conditions can be simulated from commands sent 
by both of the microprocessors 24, 26, The commands 
produce signals that emulate those produced by actual 
bubbles. Problems in the circuit may then be detected 
during the test. 

[0045] The functions of the bubble detector circuit 30 
are described generally by reference to Fig, 2. The bub- 
ble detector circuit includes an oscillator circuit 70 which so 
generates a 2.45 megaHertz (MHz) timing signal 72 at 
relatively low power levels. The timing signal 72 is am- 
plified by an amplifier/driver circuit 74 which produces 
the necessary 2.45 l\^Hz, relatively high power level, 
drive signal 46 necessary to drive the transmitting trans- 55 
ducer 40 of the tubing holder 32. The ultrasonic sound 
transmitted through the tube 34 and blood 36 is received 
by the receiving transducer 44. The received signal 48 
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is conducted to a voltage amplifier circuit 76 which ahn- 
plifies the received signal and conducts an amplified sig- 
nal 78 to a demodulator circuit 60. The demodulator cir- 
cuit 80 produces a DC rectified signal 82 proportional to 
the amplified signal 78 which is in turn filtered by a filter 
circuit 84 to produce a filtered signal 86 having a con- 
stant average voltage level, preferably approximately 
2.5 volts. 

[0046] The average filtered signal 86 level is control- 
led by an automatic level control (ALC) circuit 88 which 
produces a control signal 90 that adjusts the drive signal 
46 from the amplifier/driver circuit 74 to maintain the av- 
erage level of the filtered signal 86 at approximately the 
desired constant voltage level. The ALC circuit 88 com- 
pensates for variations In the detection environment 
such as transmitting transducer sound output variation, 
tube 34 material changes, receiving transducer 44 sen- 
sitivity variations and component tolerances. The ALC 
circuit 88 thus tends to assure that the UABD always 
reacts the same to particular bubble sizes. 
[0047] The filtered signal 86 from the filter circuit 84 
is split and fed into two similar voltage comparator cir- 
cuits 92, 94. A monitor comparator circuit 92 produces 
the output signals 50, 52, 54 for use by the monitor mi- 
croprocessor 24 (Fig. 1) and the control comparator cir; 
cult 94 pi'bduces output signals 56, 58 for use by the 
control microprocessor 26 (Fig. 1). The redundant com- 
parator circuits 92, 94 facilitate safe operation of the 
UABD 22 and the artificial kidney apparatus 20 (Fig. 1) 
in the event of a component failure. 
[0048] Each comparator circuit 92, 94 delivers three 
separate logic signals. A trouble signal 50, 96 corre- 
sponds to certain failures in the detector circuit 30, and 
will change state whenever the ultrasound signal goes 
above an acceptable limit 32. A bubble signal 52, 98 pro- 
duces a logic output whenever a large, lO^L or greater, 
bubble is detected or when there is no tube 34 installed 
in the tubing holder. A microbubble signal 54, 58 pro- 
duces a logic swing whenever a small, 1.0^L or greater, 
is detected. The microprocessors 24, 26 count the 
number of microbubble events through a fixed time 
frame, e.g., one minute, and shut down the artificial kid- 
ney apparatus 20 (Fig. 1) if a predetennined number of 
events per unit time is exceeded. The trouble signal 96 
and the bubble signal 98 from the control comparator 
circuit 94 are tied together to form a single air signal 56. 
[0049] During artificial kidney apparatus 20 (Fig. 1) 
operation, the microprocessors 24, 26 (Fig. 1) periodi- 
cally monitor the bubble counts. If a sufTicient number 
of microbubble clock pulses are detected for the artificial 
kidney apparatus's 20 specific fluid pumping rate, one 
of the microprocessors 24, 26 will activate an alami and 
shut down the artificial kidney apparatus 20. Likewise, 
if one of the microprocessors 24, 26 (Fig. 1) receives a 
large bubble signal 52, 98 or a trouble signal 50, 96 it 
will activate an alann and command the artificial kidney 
apparatus 20 to stop. 

[0050] A test circuit 1 00 is provided to generate a sim- 
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utation signal 102 to simulate the presence of a bubble 
or a series of microbubbles upon command from the 
monitor microprocessor.24.orthe control microproces- 
sor 26 by interfacing with the ALC circuit 88. 
[0051] To produce the necessary ultrasonic signal, 
the piezoelectric sound emitting transmitting transducer 
40 is driven by a constant frequency, variable amplitude 
driver signal 46 produced by the oscillator circuit 70 and 
amplifier driver' circuit 74 as will be described by refer- 
ence to Figs. 3 and 4. The oscillator circuit 70, illustrated 
in Fig. 3, comprises by a quartz crystal oscillator. The 
oscillator comprises a high speed unbuffered C-MOS in- 
verter, preferably one section of a 74HCU04 Integrated 
circuit (IC). The unbuffered Inverter is used to promote 
linear operation of the oscillator circuit 70. An 'AT* cut 
quartz crystal 112 that is designed for parallel resonant 
operation is connected to the inverter input 114. 
[0052] The oscillator circuit 70 is a variation of the 
conventional "Pierce" oscillator A resistor 118, prefera- 
bly 1 megaOhms (MQ) connected from the output 116 
to the input 114 of the inverter 110 biases the inverter 
into the linear one half supply point. A suppression re- 
sistor 120 preferably 2.12 kiloOhms (icQ) connected be- 
tween the output 116 and the crystal 112 suppresses 
spurious high frequency oscillations and Isolates the 
output from the crystal 112. With the suppression resis- 
tor 120 installed, the inverter output 116 has a square 
waveform signal. The suppression resistor 1 20 is picked 
to be roughly the reactance of the quartz crystal 112 at 
its resonant frequency. The signal from the input 114 to 
the output 116 of the inverter is phase shifted 180 de- 
grees by the logic inversiqn. The quartz crystal 112 ap- 
pears as a large inductance, since It Is operated in the 
parallel resonance mode. The addition of a capacitor 
122 at the Input and a capacitor 124, each preferably 
about 22 plcoFarads (pF) at the output of the Inverter 
circuit produce a pi network. Such a network provides 
an additional 180 degree phase shift to sustain oscilla- 
tion. The load capacitance Is usually specified by the 
quartz crystal manufacturer. 

[0053] Since the open loop gain of the inverter 11 0 is 
about ten, there is sufficient gain to overcome the circuit 
losses to insure stable oscillation. The output signal is 
then buffered by a second C-MOS logic inverter 126, 
preferably contained within the same 74HCU04 IC 
package, to produce the timing signal 72. During oper- 
ation, the timing signal 72 output of the oscillator 70 is 
a 5 volt peak-to-peak squarewave signal. 
[0054] The operation of the power amplifier/driver cir- 
cuit 74 is illustrated in Fig. 4. The 5 volt peak-to-peak 
squarewave timing signal 72 that emerges from the os- 
cillator circuit 70 (Fig. 2) is fed to the Input 128 of an 
inverting power driver 130, preferably an ICL7667 IC. 
The power driver 130 converts the 5 volt peak to peak 
signal into a 12 volt peak-to-peak squarewave output 
signal. The power driver 130 is specifically selected to 
drive power field effect transistors (FETs). Since power 
FETs are noted for their high Input capacitance, the 
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ICL7667 has beien specifically designed to supply a load 
with high peak currents. The ICL7667 can drive loads 
with peak currents up to 1 .5 amps. The high drive cur- 
rent allows an FET device to be turned on and off In less 

5 than 50 nanoseconds. An Inductor 129, preferably 470 
microHenries (p,H), and a capacitor 131 , preferably. 0.1 
microFariads (^F), are connected to the power pin 1 33 * 
of the power driver 1 30. The inductor 1 29 and capacitor 
1 31 are connected as a conventional L-section low pass 

10 filter to block the high frequency timing signal 72, pre- 
venting it from entering the +1 2 volt power supply. 
[0055] The output 132 of the power driver 130 is fed 
to a complementary power FET circuit, which consists 
of one N-channel FET 134, preferably ZVN2106A, and 

15 one P-channel FET 136, preferably ZVP2106A. The 
drain tenninals 138, 140 of the two FETs 134, 136 are 
connected together. The N-channel FET 134 is turned 
on during the tow-to-high transition of the power driver's 
1 30 output signal, while the P-channel FET 1 36 is turned 

so on during the high-to-low transition. A capacitor 142, 
preferably 0.1 ^F connected between the gates 144, 
146 of the FETs 134, 136 couples the output of the pow- 
. er driver 130 to the P-channel FET 136. A resistor 1 48, 
preferably 1 kft connected between the gate 146 and 

25 source 150 of the P-channel FET 136 is used to bias the 
P-channel FET 136 Into the off state. Each FET 134, 
136 requires a minimum voltage threshold of about 3 
volts between the gate and source to begin turning on. 
Therefore the 1 2 volt voltage swing from the power driv- 

30 er 1 30 insures each FET 1 34, 1 36 will be turned on hard, 
keeping the drain-to-source resistance low. 
[0056] The variable voltage ALC signal 90 is connect- 
ed to the source of the P-channel FET 136. The source 
of the n-channel FET 134 is connected to circuit ground 

35 1 54. When turned on fully, the P-channel FET 1 36 pro- 
vides a low resistance path f ronn the ALC signal 90 sup- 
ply voltage to the output. Conversely, when tumed on, 
the N-channel FET 134 provides a low resistance path 
from the output to circuit ground 1 54. The two FET 1 34, 

40 1 36 combination generates a squarewave output signal 
that swings from the voltage level of the ALC signal 90 
to ground with low loss. Since the upper P-channel FET 
source voltage is controlled by the ALC signal 90 from 
the ALC circuit 88, the transmitting transducer 40 (Fig. 
2) peak-to-peak drive signal 46 can be varied over a 
wide range. The upper drive voltage is restricted by pow- 
er dissipation of the transmitting transducer 40 (Fig. 2). 
However, the lower voltage level can. in theory, be as 
low as a few millivolts. 

50 [0057] With the two drain tenninals 138, 140 of the 
two FETs 1 34, 1 36 connected together, the output signal 
has a square shaped wavefomn, with fast rise and fall 
times. Since the transmitting transducer 40 (Fig. 2) has 
a high capacitance, up to 1 000 pF, an inductor 1 56 pref- 

55 erably 5,6 jiH, and a capacitor 157, preferably 0.1 p.F 
are placed between the FETs 134, 136 and the trans- 
ducer 40 (Fig. 2). The capacitor 1 57 Isolates the trans- 
mitting transducer 40 from any DC voltage delivered by 
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the amplifier/driver circuit 74. The inductor 1 56 limits the 
peak currents that would otherwise flow through the 
transducer 40 if a direct connection were made. In ad- 
dition, the voltage rise and fall times are also limited by 
the inductor 156. The inductor 156 thereby reduces the 
broadband radio signals that would otherwise be emit- 
ted, if a direct connection were made to the FETs 134, 
136. With the inductor 156 in place the drive signal 46 
that is produced across the transducer 40 (Fig. 2) re- 
sembles a pure sinewave with minimum harmonics. In 
addition, the peak-to-peak voltage produced by the in- 
ductor 1 56 across the transducer 40 (Fig. 2), is slightly 
greater than the peak-to-peak drive voltage. With an 1 1 
volt peak-to-peak output from the two FETs 1 34, 1 36 the 
voltage seen across the transmitting transducer can ex- 
ceed 15 volts peak-to-peak. At 15 volts peak-to-peak, 
the power dissipation at the transmitting transducer 40 
(Fig. 2) is less than 0.25 watts. Further, the inductor 156 
limits the cunrent that can be delivered by the amplifier/ 
driver circuit 74 thus providing short circuit protection. 
With the inductor 156 in place the drive signal 46 can 
be continuously shorted to ground with no ill effects on 
the bubble detector circuit 30. 
[0058] The ultrasound signal voltage amplifier circuit 
76 will be described in conjunction with Fig. 5. The ul- 
trasound voltage received signal 48, produced by the 
piezoelectric receiver transducer 44 (Fig. 2), is amplified 
using a high frequency operational amplifier 160. The 
high frequency amplifier is preferably an AD829 opera- 
tional amplifier IC chosen for its wide bandwidth, linear- 
ity and stability. An amplifier gain of 40 is needed to 
boost the weak received signal 48 to produce an ampli- 
fied signal 78 having an amplitude of 3 volts peak-to- 
peak. At 3 volts the raw ultrasound signal can be effi- 
ciently demodulated to extract the sometimes small 
bubble signals. To obtain a gain of 40 at the 2.45 MHz 
ultrasound frequency, the amplifier's 160 unity gain 
bandwidth has to be greater than about 80 MIHz. The 
AD829 operational amplifier IC has a unity gain band- 
width of 120 MHz. 

[0059] The amplifier 160 IC Is connected as a modi- 
fied non-inverting amplifier circuit. A blocking capacitor 
1 61 , preferably 0.01 fxF, interconnects the received sig- 
nal 48 and a non-inverting input 1 62 of the amplifier 1 60. 
The blocking capacitor 161 AC couples the non-Invert- 
ing input 162 to the received signal, blocking any DC 
component of the received signal 48 and attenuating 
any stray low frequency components of the received fre- 
quency, such as 60 Hertz (Hz) hum, while passing the 
desired high frequency component of the received sig- 
nal 48 without significant attenuation. In the non-invert- 
ing configuration, the received signal 48 is fed directly 
to the non-inverting input 162 of the amplifier 160, while 
the amplifier's 1 60 inverting input 1 64 is supplied with a 
signal that is generated by feeding back a small amount 
of the amplifier's output 166. In the conventional non- 
inverting circuit, a two resistor 168, 170 voltage divider 
would detemnine the amount of signal fed back to the 



inverting input 164 and would therefore determine the 
voltage gain of the amplifier circuit 76. A first resistor 
1 68, preferably 4.32 kQ, is connected between the am- 
plifier 160 output 166 and the inverting Input 164 and a 

5 second resistor 170, preferably 100 Ohms (n) is con- 
nected between the Inverting input and circuit ground 
154. However, the conventional non-invertingcircuit has 
been modified so the amplifier has a high gain for the 
high frequency ultrasound signal and a gain of only one 

10 for DC. A capacitor 172, preferably 0.01 jiF, in series 
with the second resistor 170, interposed between the 
resistor 1 70, andcircuit ground 154 provides the needed . 
DC isolation. The modified non-inverting circuit allows 
the amplifier's gain to be controlled by a single resistor, 

IS without disturbing the DC bias point. The capacitor 1 72 
insures that the amplifier preferentially amplifies only 
high frequency signals. Two resistors 174, 176, each 
preferably 4.32 kQ, are connected to the non-inverting 
Input 1 62 to fomn a second voltage divider network that 

20 biases the amplifier 160 to about the half way point be- 
tween the +1 2 volt and the -5 volt supplies, approximate- 
ly +3.5 volts. The biasing maximizes the amplifier's 
peak-to-peak output voltage swing and moves the nor- 
mal operating point away from -5 volt power supply. 

25 [0060] With the values chosen, the amplifier's gain is 
set at about 40. To insure stable operation, a phase com- 
pensation capacitor 1 78, preferably 1 0 pF, is added and 
is connected to the amplifier's 1 60 compensation pin 
180. The capacitor 178 value is chosen to keep the cir- 

30 cuit 76 free of spurious oscillations, without reducing the 
overall gain. 

[0061] The signal demodulator circuit 80 will be de- 
scribed by reference to Fig. 6. The demodulator circuit 
80 comprises a conventional halfwave voltage doubling 

35 rectifier circuit operative on the amplified signal 78. The 
demodulator circuit 80 converts the amplitude modulat- 
ed 2.45 MHz amplified signal 78, that emerges from the 
amplifier circuit 76 (Fig. 2), into the DC voltage rectified 
signal 82. The demodulator 80 circuit comprises a first 

40 diode 186, a second diode 188, a first capacitor 1 90, a 
second capacitor 192 and a resistor 194 connected in 
a well known configuration to fomn the halfwave voltage 
doubling rectifier circuit. The first and second capacitors 
190, 192 are each preferably 0.01 and the resistor 

45 194 is preferably 10 kQ. During operation, the DC volt- 
age level of the rectified signal 82 will fluctuate down- 
ward whenever an air bubble passes between the ultra- 
sound transducers. To increase the rectification efficien- 
cy, the diodes 186, 188 are preferably Schottky diodes, 

50 1N5818. Schottky diodes have a lower voltage drop 
(about 0.25 volts) than the more conventional signal di- 
odes (about 0.6 volts) and when used in the voltage dou- 
bter circuit will produce a DC voltage rectified signal 82 
of about 2.5 volts from a 2.8 volt pealc-to-peak amplified 

55 signal 78. 

[0062] The capacitor 192 and resistor 194 fomn a con- 
ventional low pass filter network. The values of the ca- 
pacitor 192 are selected to filter out most of the 2.45 
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MHz carrier without attenuating signals associated with 
bubbles. 

[0063] The filter circuit 84. will be described by refer- 
ence to Fig. 7. To remove the 2.45 MHz carrier signal 
that may remain, a conventional second order Butter- 
worth low pass active filter 84 is used after the demod- 
ulator circuit 80. The active Buttenworth type low pass 
filter 84 Is made using a low frequency operational am- 
plifier 204, preferably an LF411 IC. Although the filter 
circuit 84 does not provide any additional gain, it does 
buffer the signal so it can be routed to many other active 
circuits without being attenuated. The 3 decibel (db) fre- 
quency knee of the Butterworth fitter is set at about 1 
klloHertz. Such a frequency is based on the highest ex- 
pected frequency of interest, associated with bubbles 
passing through the detector at the maximum flow rate 
of 1 80 milliliters (mL) per minute. The second order But- 
ten/vorth filter attenuates signals higher than 1 kHz with 
a 12 db per octave slope. 

[0064] The ALC circuit 88 maintains a constant aver- 
age signal tevei, as seen at the filtered signal 86 output 
of the filter circuit 84 as will be described in conjunction 
with Fig. 8. Because the voltage input to the comparator 
circuits 92, 94 (Fig. 2) is held to a constant average value 
by the ALC circuit 88 the sensitivity of detection will re- 
main constant. The ALC circuit 88 controls the voltage 
fed to the transducer amplifier/driver circuit 74 so the 
filtered signal 86 is maintained at a constant average 
signal level. Factors in the bubble sensing environment 
that may influence the average signal level can there- 
fore be compensated for With the components select- 
ed, the filtered signal 86 output from the filter circuit 84 
should always average very close to 2.5 volts. The ALC 
circuit 88 consists of an Inverting integrator 206 and an 
ALC voltage amplifier 208. The conventional inverting 
integrator 206 comprises an operational amplifier 210, 
preferably an LF412A IC, that compares the filtered sig- 
nal 86 output voltage from the filter circuit 84 (Fig. 2) 
with a DC reference voltage 214. A feedback capacitor 
212, preferably 1 .0 ^F, is connected between an output 
207 of the operational amplifier 21 0 and an inverting in- 
put 209 of the operational amplifier 210. The DC refer- 
ence voltage 214 is generated by voltage divider net- 
work made up of two resistors 21 6, 21 8, each preferably 
10 ka and a capacitor 220, preferably 0.01 jiF and is 
connected to a non-Inverting input211 of the operational 
amplifier. To insure stability and accuracy, the voltage 
used by the divider network is derived from a first pre- 
cision voltage reference source 222. The first voltage 
reference source 222 is generated by a precision volt- 
age source IC (not shown), preferably a REF-02 IC, 
which provides a very precise 5 volt output. The integra- 
tor's 206 output signal 224 slowly adjusts upward if the 
received average filtered signal 86 voltage level is less 
than the reference voltage 214 and adjusts downward 
If the filtered signal 86 is greater than the reference volt- 
age 214. The effect is a conventional negative feedback 
control circuit that has integral action and a slow re- 



sponse time. 

[0065] The Integrator circuit 206 permits a high gain 
to Insure control accuracy but has an intentionally slow 
response time. The slow response allows the sudden 

5 level changes associated with bubbles to be ignored by 
the ALC circuit 88. The response time is selected to be . 
slower than the signals of interest caused by bubbles by ' 
about teri times in the preferred embodiment. 
[0066] The filtered signal 86 is connected to the in- 

10 verting input 209 of the operational amplifier 210 
through a first response time determining resistor 213 
and a second response time determining resistor 215. 
The first resistor 21 3 is connected in series between the 
filtered signal 86 and the Inverting input 209. For low 

15 level signals, such as those produced by small bubbles, 
the first response time detemnining resistor 21 3. prefer- 
ably 1 MQ, and the feedback capacitor 212, preferably 
1 .0 ^F, establish a relatively slow one second response 
time. The second response time determining resistor 

20 215, preferably 100 kQ, is connected in series with a 
diode 217, preferably 1 N41 48 , and the series combina- 
tion is connected in parallel with the first resistor 213. 
. The second resistor 215 is activated only during large 
changes in the filtered signal 86, such as from a large 

25 bubble, to produce a relatively faster 0.1 second re- 
sponse time. A slow positive response time is needed 
to ignore sudden changes in the filtered signal 86 level 
due to bubbles. Following the detection of bubbles, a 
faster negative response time is allowed to restore the 

30 initial level of the filtered signal 86. The asymmetrical 
reaction of the Integrator 86 to signal changes minimizes 
distortion of bubble signal amplitudes and minimizes 
overcon-ection voltages. The faster response time to 
large signal changes is especially useful when the arti- 

35 ficlal kidney apparatus 20 (Fig. 1) is initially turned on 
and when the tube 34 (Fig. 1) is installed in the tubing 
holder 32 (Fig. 1). Under these conditions the ALC cir- 
cuit 88 quickly reestablishes normal UABD operation. 
[0067] The output 224 of the integrator 206 is fed to 

40 the ALC voltage amplifier 208 . The ALC voltage ampli- 
fier 208 comprises a conventional non-inverting opera- 
tional amplifier 226, preferably a part of the same 
LF412A IC package as the integrator operational ampli- 
fier 21 0. The output of the operational amplifier 226 is 

45 connected to the base 228 of an NPN Darilngton tran- 
sistor 230, preferably 2N6725, through a Zener diode 
232, preferably 1 N4728A. The Darlington transistor 230 
forms a transistor buffer circuit which allows more cur- 
rent to be controlled than would be possible using the 

50 operational amplifier 226 alone. A feedback resistor 
229, preferably 10 kQ, connected between the emitter 
231 of the Darilngton transistor 230 and the inverting 
input 233 of the operational amplifier 226 and an addi- 
tional resistor 235, preferably 1 0 kn, connected be- 

S5 tween the inverting input of the operational amplifier 226 
and circuit ground 154 determine the gain of the ALC 
voltage amplifier 208. The Zener diode 232 provides a 
voltage level shift. The level shift is needed to compen- 
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sate for the inability of the operational amplifier 226 to 
swing to both the plus and minus supply voltages. Typ- 
ically, with a +12 volt and a -5 volt supply the operational 
amplifier 226 wlil only be able to swing-from -1-10 volts 
to -3 volts. Wrth the Zener diode 232 in place, the base 5 
228 of the Darlington transistor 230 can be fed with a 
voltage that swings from 0 volts to 12 volts. Of course, 
since the Darlington transistor has a finite voltage drop 
of about 1 volt, the actual voltage swing fed to the trans- 
ducer amplifier/driver circuit 74 (Fig. 2) Is from 0 volts to io 
about 1 1 volts. A buffer capacitor 237, preferably 4.7 jiF 
connected between the emitter 231 of the Darlington 
transistor 230 and circuit ground 154 provides a low 
source Impedance to the amplifier/driver circuit 74 (Fig. 
2). An inductor 239, preferably 470 p.H. and a capacitor is 
241 , preferably 0.1 ^F, fomi a conventional L-section 
low pass filter between the emitter 231 of the Darlington 
transistor 230 and the ALC signal 90. The Inductor 239 
and capacitor 241 prevents the high frequency 2.45 
MHz signals from interfering with tfie ALC circuit 88. 20 
With the ultrasonic amplifier gain set at 40 and a wide 
ultrasonic drive voltage swing, the ALC circuit 88 has a 
compensation range of over 30 db (30:1). 
[0068] Referrtrig to Figs. 8 and 9, the test circuit 1 00 
interacts with the ALC circuit 88 to penmlt generating 25 
sudden level changes In the ultrasonic signal transmit- 
ted by the transmitting transducer 40 (Fig. 2) to simulate 
various sizes of bubbles for testing purposes. The sud> 
den level changes are detected by the voltage amplifier 
circuit 76 (Fig. 2), the demodulator circuit 80 (Fig. 2), the 30 
filter circuit 84 (Fig. 2) and the comparator circuits 92, 
94 (Fig. 2) as bubble signals. The simulated signals can 
be used during artificial kidney apparatus 20 (Fig. 1) 
testing and will test the operation of the bubble detector 
circuit 30 (Fig. 2) . To allow the test signals to be Injected 35 
Into the detector circuit 30, the output of the integrator 
circuit is first attenuated by factor of two by a first atten- 
uation resistor 232, preferably 10 kQ, connected in se- 
ries between the output 224 of the integrator 206 and 
the non-inverting input 237 of the operational amplifier 40 
226 of the ALC voltage amplifier 208. A second attenu- 
ation resistor 239, preferably 20 ka. Is connected be- 
tween circuit ground 1 54 and the non-inverting input 237 
of the operational amplifier 226. The signal loss is com- 
pensated for by setting the voltage amplifier's 226 gain 
at two by selection of the gain detemninlng resistors 229, 
235. 

[0069] Under nomnal operation the output of the volt- 
age amplifier 208 is identical to the output of the inte- 
grator 206. However, a third attenuation resistor 234, so 
preferably 15.8 kQ, is included in the circuit and can be 
switched into the circuit using a monitor test FET 238, 
preferably 2N7000, that connects the resistor 234 be- 
tween the non-inverting input 237 of the operational am- 
plifier 226 of the ALC voltage amplifier 208 and the ss 
ground 154. Further, a fourth attenuation resistor 236, 
preferably 3.92 kQ, is included in the circuit and can be 
switched into the circuit using a control test FET 240, 



preferably 2N7000, that connects the resistor 236 be- 
tween the non-inverting input 237 of the operational am- 
plifier 226 of the ALC voltage amplifier 208 and the 
ground 154. When activated by a logic level test signal 
60, 62 swing, the FET switches change the ratio of the 
attenuation network and thus the output voltage of the . 
amplifier 226. When switched into the circuit, the resis- ' 
tors 234, 236 decrease the amplifier's 226 output volt- 
age by a fixed ratio, thus lowering the voltage levels of 
the ALC signal 90 and the transducer drive signal 46 
(Fig. 2) by the same proportion , regardless of the actual 
voltage used to maintain an average received ultra- 
sound level. During testing a small 1 \iL microbubble can 
be simulated by energizing the monitor test signal 60, 
thereby turning on the monitor test FET 238 causing a 
sudden 24% drop in the nonmal drive voltage, which 
forces the received signal 48 (Fig, 2) to also drop by 
24%. while the control comparator circuit 94 (Fig. 2) 
feeds signals 56, 58 (Fig. 1) to the control processor 26 
(Fig, 1). Should a component failure occur in one com- 
parator circuit 92, 94 (Fig. 2), the other circuit would still 
be able to operate con-ectly. However, since both com- 
■ parator circuits 92, 94 (Fig. 2) should operate in a similar 
fashion, disagreement between the two circuits may be 
detected by the communication 28 (Fig. 2) between the 
two microprocessors 24, 26 (Fig. 1 ) and could force an 
alamri or shut-down of the artificial kidney apparatus 20 
(Fig. 1). 

[0070] Each voltage comparator circuit comprises 
three comparators 250, 252, 254. Each comparator is a 
voltage comparator, preferably an LM339A IC, which 
compares the filtered signal 86 with a reference voltage 
derived from the precision voltage source 222. The con- 
trol comparator circuit 94 has a separate associated 
second precision voltage source IC (not shown), so that 
a failure of a precision voltage source IC will cause a 
disagreement between the microprocessors 24, 26 (Fig. 
1 ) as described above. 

[0071] Afirst comparator 250 of the comparator circuit 
92 detects component failures i n the bubble detector cir- 
cuit 30 (Fig. 2). A second comparator 252 detects the 
presence of relatively large bubbles in the tube 34. The 
third comparator 254 detects the presence of mlcrobub- 
bles in the tube. The presence of each microbubble is 
transmitted to the corresponding microprocessor so that 
the microprocessor can count the bubbles and deter- 
mine the number encountered within a discrete period 
of time. 

[0072] A pull-up resistor 256 , 258, 260 preferably 2.21 
kn connects each comparator 250, 252, 254output 262, 
264, 266 to +5 volt power supply VCC to provide a stand- 
ard transistor-transistor logic output swing of 5-to-O and 
040-5 volts. 

[0073] The filtered signal 86 is connected to the In- 
verting input 268 of the first comparator 250 through an 
isolation resistor 270. The 5 volt precision supply 222 is 
connected to the non-inverting input 272 of the first com- 
parator through voltage divider network made up of two 
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resistors 274,278, selected so that the reference voltage 
at the non-inverting Input of the first comparator Is 2.8 
volts. A feedback resistor 276, preferably 442 kQ, inter- 
connects the non-inverting Input 272 and the output to 
provide positive feedback. The positive feedback induc- 
es hysteresis and causes the output logic level shift to 
be definite and without oscillations. The comparator out- 
put 262 Is connected as the trouble signal 50 to the mi- 
croprocessor 24 (Fig. 1). In the case of the control conn- 
parator circuit 94 the first comparatornon-lnverting input 
is tied to the second precision voltage source through a 
puil-up resistor only, preferably 10 k£2. so that the refer- 
ence voltage is 5 volts. 

[0074] The filtered signal 86 is connected to the non- 
inverting input 278 of the second comparator 252 
through an isolation resistor 280. The 5 volt precision 
supply 222 is connected to the non-inverting input 282 
through a voltage divider network made up of two resis- 
tors 284, 286 selected so that the reference voltage at 
the non-inverting input 282 of the second comparator 
252 Is 1 .2 volts. A feedback resistor 288, preferably 1 
MQ, connected between the non-Inverting input 278 and 
the output 264 provides positive feedback. The compa- 
rator output 264 is connected as the bubble signal 52 to 
the microprocessor 24 (Fig. 1 ) through a D flip-f lopjatch 
265, preferably 74HC74 IC, associated with the micro- 
processor 24. The D flip-flop latch 265 output 267 com- 
municates the occurrence of a bubble to the microproc- 
essor 24 and the microprocessor 24 is connected to re- 
set 267* D flip-fiop latch 265. 

[0075] The third comparator's 254 Inverting input 290 
Is connected to the filtered signal 86 through an Isolation 
resistor 292. The non-inverting Input is connected to the 
5 volt precision supply 222 through a voltage divider net- 
work made up of two resistors 296, 298 selected so that 
the reference voltage at the non-inverting Input is 2.2 
volts. A feedback resistor 300, preferably 1 MQ, con- 
nected between the output 266 and non-inverting input 
294 provides positive feedback. The output 266 of the 
third comparator 254 is connected to the input 302 of a 
standard J-K flip-flop, preferably a 74HC76 IC. The K 
input 306, inverting clear Input 308, and Inverting preset 
inputs 31 0 are all held at a logical high state by virtue of 
being connected to the +5 volt logic power supply VCC. 
The clock input 31 2 is connected to the 2.45 MHz timing 
signal 72 from the oscillator circuit 70 (Fig. 2). The flip- 
flop 304 output 31 4 is connected as the microbubble sig- 
nal 54 to the microprocessor 24 (Fig. 1 ) through a coun- 
ter 305, preferably 82C54 IC, associated with the micro- 
processor 24. The counter 305 accumulates pulses pro- 
portional to the amount of time microbubble signals 54 
are detected and makes that Infomriation 307 available 
as digital data to the microprocessor 24 (Fig. 1). 
[0076] The isolation resistors 270, 280, 292, prefera- 
bly 10 kn, at the Input to each comparator isolates the 
common filtered signal 86 from each comparator 250, 
252, 254, thus leaving the filtered signal 86 undisturbed 
In the event of a defective comparator input 272, 282, 



294. 

[0077] In the case of the control comparator circuit 94 
(Fig. 2) the trouble signal 96 (Fig. 2) from the first com- 
parator and the bubble signal 98 (Fig. 2) from the second 
5 comparator are connected together to fomi a single air 
signal 56 (Fig. 1) to the control microprocessor 26 (Fig. 
1 ). With the outputs of both the comparators connected 
together a high-to-low logic swing would result if either 
comparator was aerated. The air signal 58 is connect- 
to ed to the control microprocessor 26 (Fig. 1 ) through a D 
flip-flop latch (not shown) associated with the microproc- 
essor 26 (Fig. 1), in the same manner as the bubble sig- 
nal 52 is connected to the monitor microprocessor 24 
(Fig. 1). 

IS [0078] Under normal bubble-free conditions all of the 
voltage comparator circuits receive the same nominal 
2.5 volt DC filtered signal 86. However, whenever a bub- 
ble passes through the tube 34 in the tubing holder 32 
(Fig. 1 ), the voltage of the filtered signal 86 drops below 

20 2.5 volts. Small bubbles with volumes of about 0.1 |xL, 
cause the voltage of the filtered signal 86 to drop by 
about 12% or to about 2.2 volts. Larger bubbles, with 
volumes of about 8 \lL, cause the voltage of the filtered 
signal 86 to drop by about 52%, which drops the voltage 

25 to less than 1 .2 volts. Bubbles larger than about 1 5 p.L 
in volume can cause the voltage of the filtered signal to 
drop to almost zero. The filtered signal 86 voltage would 
also drop to zero signal when the tube 34 (Fig. 1 ) is not 
installed Into the tubing holder 32 (Fig. 1) or when there 

30 is no blood 36 (Fig. 1) in the tube 34. 

[0079] When the filtered signal 86 is at 2.5 volts the 
output 262 of the first comparator 250 and the trouble 
signal 50 are at a logical high state, indicating no trouble 
in the bubble detector circuit 30; the output 264 of the 

35 second comparator 252 and the bubble signal 52 are at 
a logical high state Indicating no large bubbles, and the 
output 266 of the third comparator 254 is at a logical low 
state. The logical low state of the third comparator 254 
output holds the J input 302 of the J-K flip-flop 304 at a 

40 low logical state which in turn holds the non-inverting 
output 314 and microbubble signal 54 at a low logical 
state, indicating the absence of microbubbles. 
[0080] The comparators will toggle whenever the fil- 
tered signal 86 deviates above or below the threshold 

45 voltage used by each comparator 250, 252, 254 circuit. 
[0081 ] The first comparator 250 toggles whenever the 
filtered signal 86 swings higher than 2.8 volts causing 
the trouble signal 50 to go to a low logic state, indicating 
to the microprocessor 24 (Fig. 2) that equipment failure 

50 has occurred. Such a condition might occur if a compo- 
nent failed in the ALC circuit 88. For the control compa- 
rator circuit 94 (Fig. 2) the first comparator toggles when 
the filtered signal 86 voltage swings above 5 volts. 
[0082] The second comparator 252 changes state 

55 when the ultrasound signal drops to 1 .2 volts. That con- 
dition would occur when the plastic tubing was not In- 
stalled into the sensor assembly, upon a failure occur- 
ring in the ALC circuit or when a large bubble is sensed. 
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This causes the bubble signal 52 to go to a low logic 
state and indicating a bubble. The low logic state sets 
the D flip-flop latch 265 output 267 to a logical high state, 
signaling the monitor microprocessor 24 (Fig. 1) of the 
occurrence of the bubble. The flip-flop 265 stays set u ntil 
reset 267' by the microprocessor 24 (Fig. 1). 
[0083] When the filtered signal 86 drops below 2.2 
volts the output 266 of the third comparator 254 goes to 
a logical high I6vel indicating the presence of a micro- 
bubble. It is undesirable to shut down the artificial kidney 
apparatus 20 upon the occurrence of an isolated micro- 
bubble. The parameter of Interest in the case of micro- 
bubbles Is the volume of air per unit time, a maximum 
allowable of 1 cubic centimeter per minute delivered 
past the detector In the form of microbubbles In the pre- 
ferred embodiment. A mnning average is therefore de- 
termined by the microprocessor 24 to detemilne when 
the number of microbubbles has reached a critical level. 
In the preferred embodiment of the artificial kidney ap- 
paratus 20 (Fig.1) the mrcroprocessors 24. 26 (Fig. 1) 
control the rate of blood flow through the tube. When- 
ever the third comparator 254 output goes to a high log- 
ical level a stream of clock pulses at a pulse frequency 
of 1 .22 MHz is sent to the counter 305. The counter 305 
accumulates the number of clock pulses and cprrtpares 
them to a time reference. The number of clock pulses 
counted would then be proportional to the length of time 
the small bubble comparators were activated. By fre- 
quently monitoring the number of pulses counted, and 
taking into account the rate of blood flow in the tube 34 
(Rg. 1) the microprocessor 24 (Fig. 1) can ascertain the 
approximate volume air cpntained in the microbubbles. 
THUS the microprocessor 24 (Rg. 1) can determine the 
blood flow rate and compensate for the expected chang- 
es in bubble signals as the blood flow rate changes. 
[0084] The J-K flip-flop 304 serves two functions. It 
provides a fast rise and fall time signal. It also turns on 
and off the timing signal 72 signal that is derived from 
the oscillator circuit 70. When triggered by the third com- 
parator 254, the flip-flop 304 produces an output signal 
314 that Is 1/2 the frequency of the 2.45 MHz transducer 
clock signal. When the "J" input of the IC goes to a high 
logical value the flip-flop tums Into a simple one bit coun- 
ter. The 2.45 MHz clock signal that Is connected to the 
clock Input Is therefore divided by two and emerges as 
a 1 .22 MHz signal at the output 314 whenever the third 
comparator 254 is activated. The 1.22 MHz frequency 
is selected to be high enough so that substantially all 
detected microbubbles result In at least one clock pulse 
at all expected flow rates, yet low enough that the reg- 
isters of the counter 305 are not filled between times 
when the microprocessor 24 (Fig. 1) reads the counter 
307. 

[0085] The method by which the mteroprocessors 24, 
26 (Fig. 1) Interpret the signals 50, 52, 54, 56, 58 (Fig, 
1 ) from the bubble detector circuit 30 (Fig. 1 ) will be de- 
scribed by reference to Figs. 11-13. Each microproces- 
sor 24, 26 (Fig. 1 ) sequentially polls Its associated sig- 



nals 50, 52, 54, 56, 58 (Fig.1) periodically, every 25 mil- 
liseconds in the preferred embodiment. Altematively, 
the microprocessors 24, 26 (Fig. 1 ) could operate on an 
interrupt basis! processing the signals 50, 52, 54, 56, 58 
5 (Fig. 1) from the bubble detector circuit 30 (Flg.1) only 
when they change state. 

[0086] Referring to Fig 1 1 , to interpret the trouble sig- ' 
nal 50 (Fig. 10) from the first comparator 250 (Fig. 1 0) 
of themonitorcomparatorcircurt92 (Fig. 10)themonttor 

10 microprocessor 24 (Fig. 1) polls tlie trouble signal 50 
(Fig. 10) to detennine if a logical low state is present, 
indicating a failure as described above (at 500). If there 
is no failure Indicated, a software trouble signal timer is 
reset to zero (at 502) and the poll of the trouble signal 

IS 50 (Rg. 10) Is terminated (at 504) until the next polling 
cycle. 

[0087] If the trouble signal 50 (Fig. 10) is at a logical 
low value the mk:roprocessor 24 (Fig. 1) ascertains if a 
test of the trouble signal 50 (Fig.1 0) function is in 

20 progress (at 506). If such a test is in progress, the mon- 
itor detennines that the test has been passed (at 508) 
and terminates the poll of the trouble signal 50 (Fig.1 0) 
(at 504) until the next polling cycle. 
[0088] If , h o wever, a test of the tro ubie signal 50 ( Fig . 

25 10) function is not in progress, the monitor microproc- 
essor 24 (Fig. 1) reads the software trouble signal timer 
to detemilne if the timer has timed out (at 510). The trou- 
ble signal 50 (Fig.1 0) may go momentarily to a logical 
low state under certain conditions not indicative of a fall- 

30 ure, such as a filtered signal 86 (Fig. 10) voltage over- 
shoot at the end of the passage of a large bubble 
through the tube 34 (Fig. 1). The software trouble timer 
prevents nuisance alamis by ensuring that a trouble 
state exists for a predetemilned time, 1 .5 sec in the pre- 

35 ferred embodiment, before activating an alami. The 
software timer is reset (at 502) when the trouble signal 
50 (Fig. 10) returns to a logical high value, Indicating no 
failure. 

[0089] If the software trouble timer has not expired the 
^0 timer is penTJitted to continue running and the poll of the 
trouble signal 50 (Flg.1 0) Is terminated until the next 
polling cycle. If, however, the software trouble timer has 
expired, a trouble alarm is activated (at 512), indicating 
UABD failure and the poll of the trouble signal 50 (Fig. 
45 10) Is tennlnated (at 504) until the next polling cycle. 
The trouble alann may activate au dibte and visual alarm 
indications and may shut down the artificial kidney ap- 
paratus 20 (Fig. 1). 

[0090] Referringto Fig, 12, to interpret the bubble sig- 
50 nal 52 (Fig. 10) from the second comparator 252 (Fig. 
10) of the monitor comparator circuit 92 (Fig. 10) the 
monitor microprocessor 24 (Fig. 1 ) polls the output 267 
(Fig. 10)of the D flip-flop latch 265 (Fig. 10) to determine 
if a logical high state is present, indicating the passage 
55 of a large bubble through the tube 34 (Fig. 1) (at 520). 
If there Is no large bubble Indicated the poll of the D flip- 
flop latch 265 (Fig. 10), and thus the bubble signal 52 
(Fig. 1 0), is tennlnated (at 522) until the next polling cy- 
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cle. 

[0091] Ifthe output 267 (Fig. 10) of theDfiip-floplatch 
265 (Fig. 1 0) is at a logical low value the microprocessor 
24 (Fig. 1) ascertains if a test of the bubble signal 52 
function is In progress (at 524). If such a test is in 5 
progress, the monitor microprocessor 24 (Fig. 1) deter- 
mines that the test has been passed (at 526), sends a 
reset signal 26T (Fig. 1 0) to the D flip-flop latch 265 (Fig. 
10) (at 528) and temiinates the poll of the output 267 
(Fig. 10) of the D flip-flop latch 265 (Fig. 10), and thus io 
the bubble signal 52 (Fig. 10) is tenninatied (at 522) until 
the next polling cycle. 

[0092] If. however, a test of the bubble signal 52 (Fig. 
1 0) function Is not in progress, a bubble alami is activat- 
ed (at 530), indicating passage of a large bubble. The is 
bubble alarm may activate audible and visual alarni in- 
dications and may shut down the artificial kidney appa- 
ratus 20 (Fig. 1). The poll of the D flip-flop latch 265 (Fig, 
10), and thus the bubble signal 52 (Fig. 10), is tenninat- 
ed (at 522) until the next polling cycle. 20 
[0093] The control microprocessor 26 (Fig. 1) polls 
and interprets the air signal 56 (Fig. 1 ) by the same 
method that the monitor microprocessor 24 (Fig. 1 ) uses 
to poll and interpret the bubble signal 52 (Fig. 1). 
[0094] The interpretation of the microbubble signal 54 25 
(Fig. 10) presents problems not present in interpreting 
the bubble signal 52. In particular, microbubbles may 
appear in a more or less continuous cluster of mutually 
indistinguishable microbubble, known as a "string-of 
pearls." The volume of air contained in such a string of 30 
pearls is a function of both the time that the string takes 
to pass through the tube 34 (Fig. 1) and the velocity at 
which it is moving. Since the parameter of interest is not 
the occurrence of a microbubble, but rather the volume 
of air in microbubble fonm per unit time to pass through 35 
the tube 34 (Fig. 1), it Is necessary to account for these 
factors. The speed at which the microbubbles are mov- 
ing is substantially determined by the blood flow rate, 
which is established by the microprocessor 24 (Fig. 1). 
The count accumulated in the counter 37 (Fig. 1 0) over 
a fixed period of time indicates the time a string of mi- 
crobubbles takes to pass through the tube 34 (Fig. 1). 
By using this data it Is possible to "spir "the string of 
pearls" and estimate the amount of air in the form of mi- 
crobubbles per unit time to pass through the tube 34 
(Fig.1). 

[0095] Referring to Fig. 1 3, to interpret the microbub- 
ble signal 54 (Fig. 1 0) from the third comparator 254 of 
the monitor comparator circu it 92 the monitor microproc- 
essor 24 (Fig. 1) examines the value of the blood flow so 
rate through the tube 34 (Fig. 1) (at 540). The micro- 
processor 24 (Fig. 1 ) then detemiines if the flow rate has 
changed since the last polling cycle (at 542). If the blood 
flow rate has changed the microprocessor 24 (Fig. 1) 
calculates a counts per microbubble factor, which Is a ss 
constant divided by the blood flow rate (at 544). The con- 
stant is directly proportional to the pulse frequency and 
the assumed size of a microbubble. In the prefen^ed em- 
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bodiment, for blood flow rate units of mL per hour,' a 
pulse frequency of 1.22 MHz and an assumed micro- 
bubble size 10 (iL, the constant is approximately 44.1 x 
10^. The poll of the microbubble signal 54 (Fig. 10) is 
terminated (at 504) until the next polling cycle. 
[0096] If the blood flow rate has not changed, the nni- 
croprocessor 24 (Fig. 1) examines the microbubble 
counter 305 to ascertain the number of counte currently 
accumulated in the counter 305 (at 548). This value is 
compared to the value ascertained a predetemnined 
time earlier, one minute in the preferred embodiment, 
and a difference calculated to ascertain the number of . 
counts accumulated during the predetemnined time pe- 
riod (at 550). The number of counts accumulated during 
the predetemnined time period is then divided by the 
counts per microbubble to ascertain the number of mi- 
crobubbles, and thus the total quantity of air in the form 
of microbubbles, to pass through the tube 34 (Fig. 1) 
during the predetermined time period (at 552). The 
number of microbubbles to pass through the tube during 
the predetermined tone period is then compared to an 
allowable number of microbubbles or total quantity of air 
per unit time, 1 mL/min in the preferred embodiment <at 
554). If the allowable limit has not been equalled or ex- 
ceeded the poll of the microbubble signal 54 (Fig. 1 0) is 
terminated (at 546) until the next polling cycle. 
[0097] If the allowable number of microbubbles or to- 
tal quantity of air per unit time has been equalled or ex- 
ceeded the microprocessor 24 (Fig. 1) ascertains if a 
test of the microbubble signal 54 (Fig. 1 0) function is in 
progress (at 556). If such a test is in progress, the mon- 
itor microprocessor 24 (Fig. 1 ) detenmines that the test 
has been passed (at 558) and tenninates the poll of the 
microbubble signal 54 (Rg. 10) (at 546) until the next 
polling cycle. 

[0098] If, however, a test of the microbubble signal 54 
(Fig. 1 0) function is not in progress a microbubble alarm 
is activated (at 560), indicating UABD failure and the poll 
of the microbubble signal 54 (Fig. 1 0) is temiinated (at 
546) until the next polling cycle. The microbubble alarm 
may activate audible and visual alarm indications and 
may shut down the artificial kidney apparatus 20 (Fig. 1 ). 
[0099] The control microprocessor 26 (Fig. 1) polls 
and interprets the control microbubble signal 58 (Fig. 1) 
by the same method that the monitor microprocessor 24 
(Fig. 1 ) uses to poll and Interpret the monitor microbub- 
ble signal 54 (Fig. 1). 

[0100] In order to test the bubble detection function 
the control microprocessor 26 (Fig. 1) blocks the actu- 
ation of a bubble alami and activates the control test 
signal line 62 (Fig. 9) for a predetermined period of time, 
0.6 second in the prefen^ed embodiment, turning on the 
control test FET 240 (Rg. 9) to emulate a bubble. The 
bubble and air signal interpreting functions described 
above then detect the signals and detemiine if the bub- 
ble detector circuit has passed the test. 
[01 01 ] The trouble function is tested by performing a 
test of the bubble function. At the end of the bubble f unc- 
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tion test a short duration fittered signal 86 (Fig. 10) volt- 
age overshoot will ocxur which wilt cause the trouble sig- 
nal 50 (Fig.1 0) to go the a low logical value for a short 
period of time. Failure to detect the voltage overshoot 
Indicates that the trouble function is faulty. s 
[0102] In order to test the microbubble function the 
monitor microprocessor 24 (Fig. 1 ) blocks the actuation 
of a microbubble atarni and sends a series of sixteen 
cycles of a one' Hz square wave signal on the monitor 
test signal line 60 (Fig. 9), turning on the monitor test io 
FET 238 (Fig. 9) Intenmittently to emulate sixteen micro- 
bubble occurrences. The microbubble signal Interpret- 
ing function described above then detects the signals 
and detenmines If the bubble detector circuit has passed 
the test. 15 
[01 03] Failu re of any of the tests activates an alami. 
The alarm may activate audible and visual alami indi- 
cations and may shut down the artificial kidney appara- 
tus 20 (Fig. 1). 

[0104] The tubing holder 32 of the present invention ^0 
will be described by reference to Figs. 14 through 19. 
Referring to Fig. 14 the tubing holder 32 comprises a 
housing 320 into which the two transducer mounting 
blocks 38. 42 are retained. The housing is an elongated 
rectangular prism having a top 322, a bottom 324, a first 2s 
end 326, a second end 328 and two sides 330, 332. A 
tubing acceptance slot 334 is formed Into the top 322 of 
the housing, parallel to the sides 330, 332, centered be- 
tween the sides, and extending from the first end 326 to 
the second end 328. The tubing acceptance slot 334 is 30 
defined by a semicircular floor 336 having its lowest 
point approximately half vifay between the top 322 and 
the bottom 324 and two vertical planar sidewalls 338, 
340 which extend upwardly from the floor and Intersect 
the top to fomi two housing leading edges 342, 344. A 35 
45 degree bevel is formed at each housing leading edge 
342, 344. 

[0105] Referring to Fig. 1 5, two generally rectangular 
mounting block receiving sockets 346, 348 are fonmed 
in the bottom 324 of the housing 320 located symmetri- 40 
calty on opposite sides of the tubing acceptance slot 
334. Each receiving socket 346, 348 extends from the 
bottom 334 nearly to the top 322 of the housing 320. A 
stabilizer slot 350 is formed on each side of each receiv- 
ing socket 346, 348. The distance between edges 352, ^5 
354 of the receiving sockets that are closest to each oth- 
er is less than the width of the tubing acceptance slot 
334. A rectangular window 356 is fomned in each side- 
wall 338, 340 of the tubing acceptance slot 334 inter- 
connecting the slot 334 with each of the mounting block so 
receiving sockets 346, 348. 

[01 06] The housing 320 is machined of acetal plastic. 
The housing 320 may also be molded from plastic, pref- 
erably acetal plastic. Two brass threaded inserts 360 are 
fomned in the bottom of the housing 320 along a central ss 
axis, each being proximate to an end 326, 328 of the 
housing, to provide a means of attaching the tubing 
holder 32 to a panel 361 (Fig. 1 8) of the artificial kidney 
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apparatus 20. ' 

[0107] Referring to Fig. 16, each mounting block 38, 
42 comprises a body 362 in the shape of a rectangular 
prism having a top 364, a bottom 366, two sides 368, 
370, a rear face 372 and a front tubing engagement face 
374. A rectangular stabilizing flange 376 is fomried . 
along, and extends perpendicularly from, the bottom ' 
366 and two sides 368, 370 of the body 362. Referring 
to Rg. 1 7 the tubing engagement face 374 has a leading 
edge 378 where it intersects the top 364 of the body 362 , 
trailing edge 380 where it intersects the bottom 366 of 
the body and two side edges 382, 384 where it intersects 
the sides of the body. The tubing engagement face 374 
IS the same size as a con^espondlng window 356 of the 
housing 320, A tubing retaining groove 386 having an 
arcuate cross section and a predetemiined depth is 
fonmed into the tubing engagement face 374 parallel to 
the leading edge 378. The leading edge 378 is beveled 
at approximately 45 degrees. Each side edge 382, 384 
is beveled. 

[0108] Refening to Fig 1 8, a blind hole recess 388 is 
formed in the back of each mounting block 38, 42 with 
its floor proximate the tubing retaining groove 386. A 
transducer 40, 44 is Inserted into the recess 388 and 
held in proximity with the tubing retaining groove 386 
with conventional potting compound 389. The transduc- 
er electrical leads 390 extend from the back of the 
mounting block and connect to conductive studs 392 ~ 
mounted through holes in a reduced thickness portion 
394 of the stabilizer flange 376. The mounting blocks 
38, 42 are preferably fonmed of acrylo-butyl styrene 
plastic. 

[0109] The mounting blocks 38, 42 are Inserted into 
corresponding mounting block sockets 346, 348 of the 
housing 320. The mounting blocks 38, 42 are oriented 
with the tubing engagement faces 374 facing each other 
and protruding through the windows 356 by a distance 
approximately equal to the predetermined depth of the 
tubing retaining grooves 386. 

[01 10] The side portions of the stabilizer flanges 376 
engage the stabilizer slots 350 at each side of the 
mounting block receiving sockets 346, 348. 
[0111] Refem'ng to Figs. 18 and 19, to insert a tube 
34 Into the tubing holder 32 the tube 34 is inserted In 
the tubing acceptance slot 334 by pressing against the 
beveled leading edges 342. 344, 378, of the housing 
320 and the tubing engagement faces 374, compress- 
ing and deforming the tube 34. When the tube reaches 
the depth of the tubing retaining grooves 386 it returns • 
to approximately its original shape, being compressed 
only slightly to promote secure retention of the tube 34 
and coupling of the transducers 40, 44 to the tube 34. 
The tube 34 Is thus retained in the tubing holder 32 until 
manually compressed and deformed for removal from 
the tubing retaining grooves 386 and thus the tubing ac- 
ceptance slot 334. 

[0112] A presently preferred embodiment of the 
present Invention has been described with some partic- 
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ularity. It should be understood that this description has 
been made by way of preferred example and that the 
Invention is defined by the scope of the following claims. 



Claims 

1. An inclusion detector (22) for detecting the pres- 
ence of inclusions in a fl w of a liquid (36) while com- 
pensating for slowly varying characteristics of the 
detection environment comprising: 

a transmitting transducer (40) for transmitting a 

signal through a liquid flowing In a conduit (34) 

at a transmitted signal level; 

a means (70,74) for driving the transmitting 

transducer; 

a receiving transducer (44) for receiving the 
signal transfonned by passage through the 
conduit (34); 

interpreting means (76,80,84,92,94) for inter- 
preting the received signal, a sudden change 
in the received signal level being Indicative of 
the presence of an inclusion in the liquid flow; 
and 

a signal adjusting means (88) to account for the 
slowly varying characteristics of the detection 
environment while allowing the detection of 
said sudden changes; 

characterized by the signal adjusting means 
(88) adjusting the avefage level of the signal that is 
transmitted by said transmitting transducer in reac- 
tion to the slowly varying characteristics of the de- 
tection environment so as to maintain an average 
value of said signal received by said receiving trans- 
ducer at a constant value. 

2. The inclusion detector defined in claim 1 , further 
comprising said conduit (34), wherein said conduit 
is flexible plastic medical tubing having a circumfer- 
ential wall and the signal is transmitted and received 
through the wall of the tubing. 
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transducer being electrically responsive to the driv- 
er. 

6. The inclusion detector defined in daim 5 charac- 
terized In that the adjusting means adjusts a level 
of voltage supplied to the driver (74). 

7. The inclusion detector defined In claim 5 or 6 char- 
acterized In that the driver comprises: 

a first transistor (134, 136); and 
. a second transistor; and 
the first and second transistors are electrically 
responsive to the oscillator to alternately apply 
and remove the voltage supplied to the driver 
to and from the transmitting transducer. 

8. The inclusion detector defined in any of claims 2-7 
characterized in that the receiving transducer is 

ultrasonic and In that ttie interpreting means 
comprises: 

a rectifier (60) electrically responsive to the re- 
ceiving transducer; and 

at least one signal comparator (92) electrically 
responsive to the rectifier. 

9. The inclusion detector defined in daim 8 charac- 
terized in that the interpreting means further com- 
prises: 

an amplifier (76) electrically responsive to the 
receiving ultrasonic transducer, the rectifier be- 
ing electrically responsive to the amplifier; and 
a filter (84) electrically responsive to the rectifi- 
er, the at least one signal comparator being 
electrically responsive to the filter. 

10. The inclusion detector defined in daim 9 charac- 
terized in that the level adjusting means adjusts 
the transmitted signal to maintain an average volt- 
age level between the filter and the at least one 
comparator at a constant value. 



3. The inclusion detector defined in daim 1 or 2 char- 
acterized in that the signal is an ultrasonic signal. 

4. The inclusion detector defined In claim 2 or 3 char- 
acterized in that the means (70, 74) for driving the 
transmitting transducer comprises so 

an oscillator (70) and in that the transmitting 
transducer is ultrasonic and electrically responsive 
to the oscillator. 

5. The inclusion detector defined in claim 4 charac- ss 
terized In that the means for driving the transmit- 
ting transducer further comprises a driver (74) elec- 
trically responsive to the oscillator, the ultrasonic 



11. The inclusion detector defined in anyof claims 8-10 
further characterized by: 

another signal comparator (94) substantially 
identical to the at least one comparator and electri- 
cally responsive to the rectifier. 

12. The inclusion detector defined in anyofclaims 8-10 
characterized in that the at least one signal com- 
parator comprises: a first signal comparator (250) 
electrically responsive to the rectifier to detect the 
presence of a failure of the inclusion detector; 

a second signal comparator (252) electrically 
responsive to the rectifier to detect the pres- 
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ence of a relatively large inclusion; and 
a third signal comparator (264) electrically re- 
sponsive to the rectifier to detect the presence 
of a relatively smalt inclusion. 

5 

13. The inclusion detector defined In any of claims 8-12 
characterized in that the signal adjusting means 
further comprises: 

an integrator (206) electrically responsive to io 
the rectifier; and 

a supply voltage adjusting means (208) electri- 1 5. 
cally responsive to the integrator. 

14. The inclusion detector defined in any of claims 3-1 3, is 
wherein said conduit (34) is flexible tubing and 
characterized by a tubing holder (32) for retaining 
said flexible tubing (34) in contact with said ultra- 
sonic transducers (40) comprising: 16. 

20 

a first mounting bloci< (38); 
a first generally planartubing engagement face 
(374) having an axis and a first leading edge 
(378) generally parallel to the axis; 
a first tubing retaining groove (386) recessed 25 
into the first tubing engagement face, the first 
tubing engagement groove being generally 
parallel to the axis and spaced a predetenriined 
distance from the leading edge and having a 
generally arcuate cross sectional configuration; so 
a first ultrasonic transducer mounted in the first 
mounting block below and in proximity with the 
first tubing retaining groove; 
a second mounting block (42); 
a second generally planar tubing engagement 3S 
face (374) having an axis and a second leading 
edge (378) generally parallel to the axis; 
a second tubing retaining groove (386) re- 
cessed into the second tubing engagement 
face, the second tubing engagement groove 40 
being generally parallel to the axis and spaced 
a predetermined- distance from the leading 22. 
edge and having a generally arcuate cross sec- 
tional configuration; and 

a housing (320) securing and supporting the 45 
first and second mounting blocks In a relation- 
ship wherein: 

the first tubing engagement face faces the 
second tubing engagement face, is gener- 
ally parallel to the second tubing engage- 
ment face and is spaced a predetemiined 
distance from the second tubing engage- 
ment face; 

the first leading edge is generally parallel 55 
to and opposite the second leading edge; 
the first tubing retaining groove Is generally 
parallel to and opposite the second tubing 



retaining groove; and 

the predetemiined distance is selected to 
penmit the tubing to be inserted between 
the first tubing engagement face and the 
second tubing engagennent face at the lo- 
cation of the first an d second leading edges 
when the tubing is relatively greatly com- 
pressed, and retained in the first and sec- 
ond tubing retaining grooves when the tub- 
ing is relatively less compressed. 

The inclusion detector defined in daim 14 charac- 
terized in that the second ultrasonic transducer 
(44) Is mounted in the second mounting bk>ck below 
and in proximity with the second tubing retaining 
groove at a location generally opposite the location 
of the first ultrasonic transducer. ' 

The inclusion detector defined in daim 14 or 15 
characterized in that the leading edges are bevel- 
ed. 



17. The inclusion detector defined in any of claims 1-16 
characterized in that the inclusion Is at least one 
bubble of at (east one of air or gas. 

18. The inclusion detector defined in any of claims 1-16 
characterized In that the inclusion is a solid parti- 
cle. 

19. The inclusion detector defined in any of claims 1-18 
characterized In that the liquid is at least one of a 
biological or a phamnaceutical liquid. 

20. The Inclusion detector defined in daim 19 charac- 
terized in that the liquid Is one of blood or a blood 
component. 

21 . The inclusion detector defined in claim 1 or 2 char- 
acterized In that the signal is a light signal. 



An extracorporeal blood processing apparatus (20) 
characterized in that it comprises an indusion de- 
tector as defined in any of claims 1-21. 



23. The extracorporeal blood processing apparatus of 
claim 22 characterized in that the blood process- 
ing apparatus is a dialysis apparatus. 

so 24. A method for detecting the presence of inclusions 
In a liquid (36) flowing in a conduit (34) while com- 
pensating for slowly varying characteristics of the 
detection environment comprising: 



driving a transmitting transducer (40) to trans- 
mit a signal through the liquid at a transmitted 
signal level; 

receiving the signal at a received signal level 
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by means of a receiving transducer (44) tiie re- 
ceived signal being transformed by passage 
through the liquid; . 

Interpreting the received signal to detect the 
presence or absence of an inclusion, a sudden 
change in the received signal level being indic- 
ative of the presence of an Inclusion; and ad- 
justing a signal to account forthe slowly varying 
characteristics of the detection environment 
while allowing the detection of said sudden 
changes; characterized by 
adjusting the average level of the signal trans- 
mitted by said transmitting transducer (40) in 
reaction to the slowly varying characteristics of 
the detection environment to maintain the av- 
erage value of the signal received by said re- 
ceiving transducer (44) at a constant level. 



terized by - 

amplifying the electrical signal before it is rec- 
tified; and 

5 filtering the rectified electrical signal to produce 

a filtered electrical signal. 



32. The detecting method defined in claim 31 charac- 
terized by the level adjusting step comprising ad- 
justing the strength of the ultrasonic mechanical vi- 
brations produced by the first ultrasonic transducer 
to maintain the average level of the filtered electrical 
signal at a constant value. 
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33. The detecting method defined in claim 32 charac- 
terized by the signal adjusting step means further 
comprising: 



25. The detecting method defined in claim 24 charac- 
terteed i n that the conduit is flexible plastic medical 
tubing having a circumferential wall and the signals 
are transmitted and received through the wall of the 
tubing. 

26. The detecting rriethod defined in claim 24 or 25 
characterized in that the signal is an ultrasonic sig- 
nal. 

27. The detecting method defined in claim 24 charac- 
terized by 

generating an oiscillating signal; and 
electrically driving a first ultrasonic transducer 
with the oscillating signal to produce ultrasonic 
mechanical vibrations. 

28. The detecting method defined In claim 27 charac- 
terized by amplifying the oscillating signal by a de- 
temnined gain factor before the oscillating signal 
electrically drives the. ultrasonic transducer. 
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Integrating the value of the filtered electrical 
signal to produce an integrated electrical sig- 
nal; and 

adjusting the strength of the ultrasonic mechan- 
ical vibrations produced by the first ultra sonic 
transducer in response to the integrated elec- 
trical signal. 



34. The detecting method of any of claims 31-33 char- 
acterized by the interpreting step comprising com- 
paring the filtered electrical signal to at least one 
30 predetermined reference signal. 



35. The detecting method defined in claim 34 charac- 
• terized by the interpreting step further comprising: 

comparing the filtered electrical signal to a first 
predetermined reference signal to detect the 
presenceof a relatively large indusion; and 
comparing the filtered electrical signal to a sec- 
ond predetennined reference signal to detect 
the presence of a relatively small inclusion. 
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29. The detecting method defined in claim 28 charac- 36. 
terized by the adjusting step comprising detemnin- 

ing the detemilned gain of the amplifying step to 
maintain a constant value of a voltage level that is 
proportional to the received signal level. 37. 

30. The detecting method defined in any of claims 
26-29 characterized by 



The detecting method defined in any of daim 24-35 
characterized In that the inclusion is at least one 
bubble of at least one of air or gas. 

The detecting method defined in any of claims 
24-35 characterized in that the inclusion is a solid 
particle. 



so 



mechanically driving a second ultrasonic trans- 
ducer with the ultrasonic mechanical vibrations 
produced by the first ultrasonic transducer to 
produce an electrical signal; and 39. 
rectifying the electrical signal to produce a rec- ss 
trfied electrical signal. 



38. The detecting method defined in any of claims 
24-37 characterized in that the liquid is at least 
one of a biological or a phannaceutical liquid. 



The detecting method defined in claim 38 charac- 
terized in that the liquid Is one of blood or a blood 
component. 



31. The detecting method defined in claim 30 charac- 



40. The detecting method defined in claim 24 or 25 
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characterized in that the signal is a light signal 

41. The detecting method defined in any of claims 
24-35 wherein at least one of the inclusions is a ml- 
crobubble characterized by measuring the amount 5 
of air In the f omi of microbubbles in the liquid flowing 

in the conduit comprising: 

generating at least one logic signal pulse for 
each microbubble detected: io 
counting the number of logic pulses generated 
over a predetennined time period; 
establishing the number of logic signal pulses 
that represent one microbubble: 
ascertaining the number of microbubbles in the is 
tube during the predetemiined time period. 

42. The detecting method defined in claim 41 wherein: 

the logic pulses are generated at a predeter- 
mined frequency during a detection time period 20 
when a microbubble is detected; and the establish- 
ing step comprises: 

determining a value of a constant that is directly 
proportional to the frequency at which the logic 25 
pulses are generated and directly proportional 
to an expected microbubble size; and 
dividing the constant by a flow rate of the liquid 
in the tube. 

30 

43. The method defined in claim 41 or 42 character- 
ized in that the ascertaining step further comprises: 

dividing the number of logic pulses counted 
over the predetemiined time period by the number 
of logic pulses that represent one microbubble. 35 

44. The method defined in any of claims 41 -43 charac^ 
terized by: 

con'elating the number of microbubbles as- 
certained in the predetermined time period with a 
volume of air in the flowing liquid during the prede- 
termined time period. 

45. The method defined In any of claims 41 -44 charac- 
terized by: 45 

comparing the number of microbubbles as> 
certained in the predetemiined time period with an 
allowable number of microbubbles for the time pe- 
riod. 

so 

46. The method defined in any of claims 41 -45 charac- 
terized by: 

activating an alanm if the number of microbub- 
bles ascertained in the predetermined time period 
exceeds the allowable number of microbubbles for ss 
the time period. 

47. An extracorporeal blood processing apparatus ac- 
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cording to any one of claims 1 to 23 including meahs 
for operating in accordance with the method as de- 
fined in any of claims 41 - 46. 



PatentansprQche 

1. EinschluBdetektor (22) zum Nachweisen der Ge- 
genwart von Einschiussen in einem Strom einer 
Flussigkeit (36) unter Ausgleich sich langsam ver- 
dndernder Eigenschaften der Nachweisumgebung, 
umfassend: 

einen ObertragungsmeBgeber (40) zur Uber- 
tragung eines Signals durch eine in einer Lei- 
tung (34) f lieBende Flussiglceit mit einem Uber- 
tragungssignalpegel ; 

eine Einrichtung (70,74) zum Steucm des 
UbertragungsmeBgebers; 
einen EmpfangsmeBgeber (44) zum Empfan- 
gen des aufgrund des Durchgangs durch die 
Leitung (34) transform ierten Signals; 
Auswertungseinrichtungen (76,80,84,92,94) 
zum Auswerten des Empfangssignals, wobei 
eine abmpte Anderung des Empfangssignal; 
pegels arizeigt, daB etn EinschluB im Ftussig- 
keitsstrom voriiegt; und 

eine Signalabgleicheinrichtung (88) zur Be- 
riicksichtigung der sich langsam verSndernden 
Eigenschaften der Nachweisumgebung, wobei 
jedoch die Erfassung der abrupten Anderun- 
gen m6glich ist; 

dadurch gekennzelchnet, daB die Signalab- 
gleicheinrichtung (88) den durchschnittlichen Pegel 
des Signals, das vom ObertragungsmeBgeber 
ubertragen wird, ats Reaiction auf die sich langsam 
verandemde Nachweisumgebung so abgleicht, 
daB der Durchschnittswert des vom 
EmpfangsmeBgeber empfangenen Signals auf ei- 
nem konstanten Wert gehalten wird. 

2. EinschluBdetektor nach Anspruch 1, des welteren 

umfassend die Leitung (34), wobei die Leitung eine 
medizinische Schlauch leitung aus eiastischem 
Kunststoff mit einer runden Wandung ist und das 
Signal durch die Wandung der Schtauchleitung 
ubertragen und empfangen wird. 

3. EinschluBdetektor nach Anspruch 1 oder 2, da- 
durch gekennzelchnet, daB das Signal ein Ultra- 
schailsignai ist. 

4. EinschluBdetektor nach Anspruch 2 oder 3, da- 
durch gekennzelchnet, daB die Einrichtung 
(70,74) zur Steuemng des UbertragungsmeBge- 
bers einen Oszillator (70) umfaBt, und daB der 
ObertragungsmeBgeber ein solchermitUttraschall 
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ist und auf den Oszillator elektrisch anspricht. 

5. EinschiuBdetektor nach Anspaich 4, dadurch ge- 
kennzeichnet, daB die Einrichtung zur Steuerung 
des UbertragungsmeBgebers des welteren einen 
Treiber (74) umfaBt, der auf den Oszillator elek- 
trisch anspricht, wobei der UltraschallmeBgeberauf 
den Treiber elektrisch anspricht. 

6. EinschiuBdetektor nach Anspruch 5, dadurch ge- 
kennzeichnet, daB die Abgtebheinrichtung einen 
am Treiber (74) aniiegenden Spannungspegel ab- 
gleicht. 

7. EinschiuBdetektor nach Anspruch 5 Oder 6, da- 
durch gekennzetchnet, daB der Treiber: 

einen ersten Transistor (134, 136); und 
einen zweiten Transistor umfaBt; und 
erster und zwerter Transistor auf den Oszillator 
elektrisch ansprechen, urn die am Treiber an- 
liegende Spannung wechsetweise am Ubertra- 
gungsmeBgeber anzulegen Oder zu entfemen. 

8. EinschiuBdetektor nach einem der Anspruche 2 bis 
7, dadurch gekennzeichnet, daB der Empfangs- 
meBgeberein UltraschailmeBgeberist. und daB die 
Auswertungseinrichtung: 

einen Gleichrichter (80) umfaBt, der auf den 
- EmpfangsmeBgeber elektrisch anspricht, so- 

wie 1 

wenigstens einen Signalkomparator (92), der 
auf den Gleichrichter elektrisch anspricht. 

9. EinschiuBdetektor nach Anspruch 8, dadurch ge- 
kennzeichnet, daB die Auswertungseinrtehtung 
des welteren: 

einen Verstari<er (76) umfaBt, der auf den Ul- 
traschall-EmpfangsmeBgeber elektrisch an- 
spricht, wobei der Glek:hrichter auf den Ver- 
st§ri<er elektrisch anspricht; sowie 
ein Filter (84), das auf den Gleichrichter elek- 
trisch anspricht, wobei der wenigstens eine Si- 
gnalkomparator auf das Filter elektrisch an- 
spricht. 

10. EinschiuBdetektor nach Anspruch 9, dadurch ge- 
kennzeichnet, daB die Pegelabgteicheinrichtung 
das ubertragene Signal abgleicht, um den durch- 
schnittlichen Spannungspegel zwischen dem Filter 
und dem wenigstens einen Komparator auf einem 
konstanten Wert zu halten. 

11 . EinschiuBdetektor nach einem der Anspruche 8 bis 
10, des welteren gekennzeichnet durch einen 
welteren Signalkomparator (94), der im wesentli- 
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Chen identisch mit dem wenigstens einen Kompa- 
rator ist und auf den Gleichrichter elektrisch an- 
spricht. 

5 12. EinschiuBdetektor nach einem der Anspruche 8 bis 
10, dadurch gekennzeichnet, daBderwenigstens , 
eine Signalkomparator: 

einen ersten Signalkomparator (250) unnfaBt, 
10 der auf den Gleichrichter elektrisch anspricht, 

um das Voriiegen einer Stdrung am 

EinschiuBdetektor festzustellen; 

einen zweiten Signalkomparator (252), der auf 

den Gleichrichter elektrisch anspricht, um das 
15 Voriiegen eines~ relativ groBen Einschiusses 

festzustellen; und 

einen dritten Signalkomparator (254), der auf 
den Gleichrichter elektrisch anspricht, um das 
Voriiegen eines relativ kieinen Einschiusses 
20 festzustellen. 

13. EinschiuBdetektor nach einem der Anspruche 8 bis 
12, dadurch gekennzeichnet, daB die Signalab- 
gleicheinrichtung des weiteren: 

25 

ein Integrierglled (206) unnfaBt, das auf den 
Gletehrichter elektrisch anspricht; und 
eine Abgleicheinrichtung (208) fur die Versor- 
gungsspannung, die auf das Integrierglled 
30 elektrisch anspricht. 

14. EinschiuBdetektor nach einem der Anspruche 3 bis 
'13. wobei die Leitung (34) eine elastlsche 
Schtauchleitung und gekennzeichnet Ist durch ei- 

35 nen Schlauchhaiter (32), um die elastlsche 
Schlauchleitung (34) in Kontakt mit den Ultraschali- 
meBgebern (40) zu halten, umfassend: 

einen ersten Befestigungsblock (38) ; 
^0 eine erste, im wesentlichen planare Schlauch- 

einruckfiache (374) mit einer Achse und einer 
ersten, zu der Achse im wesentlichen paralle- 
len Vordericante (378) ; 

eine erste Schlauchhalterille (386), die in die 
^5 erste Schlaucheinruckflache eingekehit ist, wo- 

bei die erste Schlauchhalterille im wesentlichen 
parallel zu der Achse verlSuft, einen vorbe- 
stimmten Abstand von der Vorderkante entf ernt 
ist und eine im wesentlichen bogenfonnige 
50 Querschnittform aufweist; 

einen ersten UltraschallnrieBgeber, der im er- 
sten Befestigungsblock unterhalb und in der 
Nahe der ersten Schlauchhalterille befestlgt ist; 
einen zweiten Befestigungsblock (42); 
S5 eine zweite, im wesentlichen planare 

Schlaucheinruckflache (374) mit einer Achse 
und einer zweiten, zu der Achse im wesentli- 
chen parallelen Vorderkante (378); 



18 



EP 0 643 301 B1 



eine zweite Schlauchhalterille (386), die in die 
zweite Schlaucheinruckflache eingekehtt ist, 
wobel die zweite Schlauchhalterille im wesent- 
lichen parallel zu der Achse verlauft, einen vor- 
bestimmten Abstand von der Vorderkante ent- 
femt ist und eine im wesenttlchen bogenf6mii- 
ge Querschnittfonm aufweist; und 
ein Gehause (320). das den ersten und zweiten 
Befestlgungsblock in einem Verhattnis zuein- 
ander sk:hert und halt, wobei: 
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sche Oder eine pharmazeutische Flussigkeit h^n- 
delt. 

20. EinschluBdetektor nach Anspruch 1 9, dadurch ge- 
kennzeichnet, daB die Flussigkeit entweder Blut 
Oder ein Blutbestandtell ist. 

21. Einschluf3detektor nach Anspmch 1 dder 2, da- 
durch gekennzeichnet, daB das Signal ein Licht- 
slgnal ist. 



die erste Schlaucheinruckflache der zwei- 
ten Schlaucheinruckflache gegenuber- 
llegt, im wesentlichen parallel zur zweiten 
Schlaucheinruckflache ist und einen vor- 
bestimmten Abstand von der zweiten 
Schlaucheinruckflache entfernt ist; 
die erste Vorderkante im wesentlichen par- 
allel zur zweiten Vorderkante verlauft und 
ihr gegenuberliegt; 

die erste Schlauchhalterille im wesentli- 
chen parallel zur zweiten Schlauchhalteril- 
le verlauft und ihr gegenuberiiegt; und 
der vorbestimmte Abstand so gewahit ist, 
daB die Schlauchleitung zwischen erster 
SchlaucheinrOckflSche und zweiter 
SchlaucheinrOckflache an der Stelle der 
ersten und zweiten Vorderkante eingesetzt 
werden kann, wenn die Schlauchleitung 
relativ stark zusammengedmckt wird, und 
in der ersten und zweiten Schlauchhalteril- 
le gehalten wird, wenn die Schlauchleitung 
relativ wenlger zusammengedmckt wird. 

15. EinschluBdetektor nach Anspruch 14, dadurch ge- 
kennzeichnet, daB der zweite UltraschallmeBge- 
ber (44) im zweiten Befestlgungsblock unterhalb 
und in der Nahe der zweiten Schlauchhalterille an 
einer Stelle befestigt ist, die im wesentlichen der 
Stelle des ersten UltraschallmeBgebers gegen- 
uberiiegt. 

16. EinschluBdetektor nach Anspmch 14 Oder 15, da- 
durch gekennzeichnet, daB die Vordericanten ab- 
geschragt sind. 

17. EinschluBdetektor nach einem der Anspmchel bis 
16, dadurch gekennzeichnet, daB es sich bei dem 
EinschluB um wenigstens eine Blase aus wenig- 
stens entweder Luft Oder Gas handelt. 

18. EinschluBdetektor nach einem der Anspruche 1 bis 
1 6, dadurch gekennzeichnet, daB es sk:h bel dem 
EinschluB um ein Feststoffteilchen handelt. 

19. EinschluBdetektor nach einem der Anspruche 1 bis 
18, dadurch gekennzeichnet, daB es sich bei der 
Flussigkeit um wenigstens entweder eine biologl- 



22. Vorrichtung (20) zur extrakorporalen Blutbehand- 
iung, dadurch gekennzeichnet, daB sie einen Ein- 
schluBdetektor nach einem der AnsprOche 1 bis 21 

IS umfaBt. 

23. Vorrichtung zur extrakorporalen Blutbehandlung 
nach Anspruch 22, dadurch gekennzeichnet, daB 
die BlutbehandtungsvoTichtung eine Dialysevor- 

20 richtung ist. 

24. Verfahren zum Nachwetsen der Gegenwart von 
Einschlussen in einer Flussigkeit (36), die in einer 
Leitung (34) flieBt, unter Ausgleich sich langsam 

25 verandemder Eigenschaften der Nachweisumge- 
bung, umfassend: 

das Steuern eines UbertragungsmeBgebers 
(40) zur Ubertragung eines Signals durch die 
30 Flussigkeit mit einem Ubertragungssignalpe- 

gel; 

das Empfangen des Signals mlt einem Emp- 
fangssignalpegel mlt Hilfe eines Empfangs- 
meBgebers (44), wobel das empfangene Si- 

35 gnal aufgmnd des Durchgangs durch die Flus- 

sigkeit transformiert wird; 
das Auswerten des Empfangssignals, um das 
Voriiegen oder Fehlen eines Einschlusses fest- 
zustellen, wobei eine abrupte Andemng des 

^0 Empfangssignalpegels anzeigt, daB ein Ein- 

schluB voriiegt; und 

das Abgleichen des Signals zur Berucksichti- 
gung der stoh langsam verSndemden Eigen- 
schaften der Nachweisumgebung, wobei je- 
^5 doch die Eriassung der abrupten Anderungen 

mdglteh ist; 

dadurch gekennzeiclinet, daB der durchschnittli- 
che Pegel des Signals, das vom 

50 UbertragungsmeBgeber (40) ubertragen wird, als 
Reaktion auf die arch langsam verandemde Nach- 
weisumgebung so abgeglichen wird, daB der 
Durchschnittswert des vom EmpfangsmeBgeber 
(44) empfangenen Signals auf einem konstanten 

55 Wert gehalten wird. 

25. Nachweisverfahren nach Anspruch 24, dadurch 
gekennzeichnet, daB die Leitung eine medizini- 
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sche Schlauchleitung aus elastischem Kunststoff 
mil einer runden Wandung ist und die Signale durch 
die Wandung der Schlauchleitung ubertragen und 
empfangen werden. 

26. Nachweisverfahren nach Anspnich 24 Oder 25, da- 
durch gekennzeichnet, daB das Signal ein Ultra- 
schaltsignal ist. 

27. Nachweisverfahren nach Anspnich24, dadurch 
gekennzeichnet, daB ein Schwingungssignal er- 
zeugt wird und ein erster UltraschallmeBgeber mit 
dem Schwingungssignal elektrisch gesteuert wird, 
um mechanlsche Ultraschallschwingungen zu er- 
zeugen. 

28. Nachweisverfahren nach Anspmch 27, dadurch 
gekennzeichnet, daB das Schwingungssignal um 
einen bestimmten Verstarkungsfaktor verstarkt 
wird, ehe das Schwingungssignal den Ultraschall- 
meBgeber elektrisch steuert. 

29. Nachweisverfahren nach Anspruch 28, dadurch 
gekennzeichnet, daB der Abgleichschritt das Be- 
stlmmen der bestimmten Verstarkung des Verstar- 
kungsschritts umfaBt, um einen konstanten Wert 
des Spannungspegeis aufrechtzuerhalten, der pro- 
portional zum Empfangssignalpegel ist. 

30. Nachweisverfahren nach einem der Anspruche 26 
bis 29, daduich gekennzeichnet, daB ein zweiter 
UltraschallmeBgeber mit den vom ersten Ultra- 
schallmeBgeber erzeugten mechanischen Ultra- 
schallschwingungen mechanisch gesteuert wird, 
um ein elektrisches Signal zu erzeugen, und das 
elektrische Signal gleichgerichtet wird, um ein 
gleichgerichtetes elektrisches Signal zu erzeugen. 

31. Nachweisverfahren nach Anspruch 30, dadurch 
gekennzeichnet, daB das elektrische Signal ver- 
starkt wird ehe es gleichgerichtet wird, und das 
gleichgerichtete elektrische Signal gefiltert wird, um 
ein gefiltertes elektrisches Signal zu erzeugen. 

32. Nachweisverfahren nach Anspmch 31, dadurch 
gekennzeichnet, daB der Pegelabgleichschritt das 
Abgleichen der Starke der vom ersten Ultraschall- 
meBgeber erzeugten mechanischen Ultraschall- 
schwingungen umfaBt, um den durchschnittlichen 
Pegel des gefilterten elektrischen Signal auf einem 
konstanten Wert zu halten. 

33. Nachweisverfahren nach Anspmch 32, dadurch 
gekennzeichnet, daB der Signalabgleichschritt 
des weiteren umfaBt: 

das Integrieren des Werts des gefilterten elek- 
trischen Signals, um ein integriertes elektri- 
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sches Signal zu ergeben; und 
das Abgleichen der Starke der vom ersten Ul- 
traschallmeBgeber erzeugten mechanischen 
Ultraschallschwingungen gemaB dem inte- 
s grierten elektrischen Signal. 

34. Nachweisverfahren nach einenn der Anspruche 31 
bis 33, dadurch gekennzeichnet, daB der Auswer- 
tungsschritt das Vergleichen des gefilterten elektrl- 

10 schen Signals mit wenigstens einem vorbestimm- 
ten Bezugssignal umfaBt. 

35. Nachweisverfahren nach Anspruch 34, dadurch 
gekennzeichnet, daB der Auswertungsschritt des 

^5 weiteren umfaBt: 

das Vergleichen des gefilterteri elektrischen Si- 
gnals mit einem ersten vorbestimmten Bezugs- 
signal, um das Voriiegen eines relativ groBen 
20 Einschiusses festzustetlen ; und 

das Vergleichen des gefilterten elektrischen Si- 
gnals mit einem zweiten vorbestimmten Be- 
zugssignal, um das Voriiegen eines relativ klei- 
nen Einschiusses festzustellen. 

25 

36. Nachweisverfahren nach einem der AnsprOche 24 
bis 35, dadurch gekennzeichnet, daB es sich bei 
dem EinschluB um wenigstens eine Blase aus we- 
nigstens entweder Luft oder Gas handett. 

30 

37. Nachweisverfahren nach einem der Anspruche 24 
bis 35, dadurch gekennzeichnet, daB es sich bei 
dem EinschluB um ein Feststoffteitehen handeit. 

35 38. Nachweisverfahren nach einem der Anspruche 24 
bis 37, dadurch gekennzeichnet, daB es sich bei 
der Flussigkeit um wenigstens entweder eine bio- 
logische Oder eine pharmazeutische Flussigkeit 
handett. 

40 

39. Nachweisverfahren nach Anspmch 38, dadurch 
gekennzeichnet, daB die Flussigkeit entweder 
Blut Oder ein Blutbestandteil ist 

-^5 40. Nachweisverfahren nach Anspruch 24 oder 25, da- 
durch gekennzeichnet, daB das Signal ein LIcht- 
signal Ist. 

41. Nachweisverfahren nach einem der Anspruche 24 
so bis 35, wobei wenigstens einer der Einschlusse ein 
IVIikroblaschen ist, gekennzeichnet durch das 
Messen der Luftmenge in Form von Mikroblaschen 
in der Flussigkeit, die in der Leitung flieBt, umfas- 
send: 

55 

das Erzeugen wenigstens eines iogischen Si- 
gnatimpulsesfur jedes erfaBte Mikroblaschen; 
das AuszShlender Anzahl der Iogischen Imput- 
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se, die iiber einen vorbestimmten Zeitraum er- 
zeugt wurden; 

das Festlegen der Anzahl der logischen Si- 
gnalimpulse, die fur ein Mikroblaschen steht; 
das Ermlttein der Anzahi von Mikroblaschen tm s 
Schlauch wahrend des voibestimmten Zelt- 
raums. 

42. Nachweisverfahren nach Anspruch 41 , wobei die 
togischen Impulse mit einer vorbestimmten Fre- 
quenz im Laufe des Nachweiszeitraums erzeugt 
werden, wenn ein Mikroblaschen nachgewiesen 
wird, und der Festlegungsschritt: 

das Bestimmen des Werts einer Konstanten 
umfaf^, die direkt proportional zur Frequenz ist, 
bel der die iogischen Impulse erzeugt werden, 
und direkt proportional zur erwarteten Mikro- 
blaschengroQe; sowie 

das DIvidieren der Konstante durch die 20 
FlieBgeschwIndlgkett der Flussigkelt im 
Schlauch. 

43. Verfahren nach Anspruch 41 oder42, dadurch ge- 
kennzeichnet, daB. der Schritt des Enmitteins des 2S 
weiteren das Dh/idieren der uber den vorbestimm- 
ten Zeitraum gezahlten - Zahl iogischer Impulse 
durch die Zahl derfQrein Mikrobigschen stehenden 
logischen Impulse umfaBt. 

• 30 

44. Verfahren nach einem der Anspruche 41 bis 43, da- 
durch gekerinzeichhet, daB die im vorbestimmten 
Zeitraum ermittelte Anzahl Mikroblaschen mit ei- 
nem Luftvolumen in derflieBenden Flussigkelt wah- 
rend des vorbestimmten Zeltraums kon-ellert wird. 3s 

45. Verfahren nach einem der Anspruche 41 bis 44, da- 
durch gekennzeichnet, daB die Im vorbestimmten 
Zeitraum ermittelte Anzahl Mikroblaschen mit einer 
zulassigen Anzahl Mikroblaschen fur diesen Zeit- 
raum vergllchen wird. 

46. Verfahren nach einem der Anspruche 41 bis 45, da- 
durch gekennzeichnet, daB ein Wamsignai akti- 
viert wird, falls die Im vorbestimmten Zeitraum er- ^5 
mittette Anzahl Mikroblaschen diezutassige Anzahl 
Mikroblaschen fur diesen Zeitraum ubersteigt. 

47. Vorrichtung zur extrakorporalen Blutbehandlung 
nach einem der Anspruche 1 bis 23, umf assend Be- so 
dienungselnrichtungen gemaB dem Verfahren nach 
einem der Anspruche 41 bis 46. 
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compensant des caract^rlstlques k variation lente 
de Tenvironnement de detection, comprenant : 

un transducteur d'6mission (40) pour 6mettre 
un signal h travers un liquide circulant dans un 
conduit (34) ^ un niveau de signal ^is ; 
des moyens (70, 74) pour commander le trans- ' 
ducteur d'emission ; 

un transducteur de reception (44) pour recevoir 
le signal forni6 par le passage a travers te con- 
duit (34) ; 

des moyens d'interpr6tation (76, 80, 84, 92, 94) 
pour interpreter le signal regu, une variation 
soudaine du niveau de signal regu 6tant indica- 
tive de la presence d'une inclusion dans la cir- 
. culatlon de liquide ; et 
des moyens d'ajustement de signal (88) pour 
rendre compte des caract^ristiques d variation 
lente de Tenvironnement de detection tout en 
pemiettant la detection desdites variations 
soudaines ; 

caracterise en ce que les moyens d'ajuste- 
ment de signal (88) ajustent le niveau moyen du si- 
gnal qui est 6mis par ledit transducteur d'^mlssion 
en reaction auxcaract^ristiques £1 variation lente de 
I'envlronnement de detection af In de maintenlr une 
valeur moyennedudit signal re^u par ledit transduc- 
teur de rtoption k une valour constante. 

D^tecteur d'Inctusions selon la revendication 1, 
comprenant, de plus, ledit conduit (34), dans lequel 
ledit conduit est un tube medical en mati6re plasti- 
que flexible comportant une parol circonf^rentielle 
et le signal est 6mis et re^u & travers la parol du 
tube. 

DStecteur d'inclusions seion la revendication 1 ou 

2, caracterise en ce que le signal est un signal ul- 
trasonore. 

D6tecteur d'inclusions selon la revendication 2 ou 

3, caract6rlse en ce que les moyens (70, 74) pour 
commander le transducteur d'6mission compren- 
nent un oscitlateur (70) eten ce que le transducteur 
d'6mission est ultrasonore et sensible dectrlque- 
ment k roscillateur. 

DStecteur d'inclusions selon la revendication 4, ca- 
racterise en ce que les moyens pour commander 
le transducteur d'^mission comprennent, de plus, 
undispositifdecommande (74) sensible diectrique- 
ment k roscillateur, le transducteur ultrasonore 
6tant sensible 6lectriquement au dispositif de com- 
mando. 



1 . D^tecteur d'inclusions (22) pour detector la presen- 
ce d'inclusions dans un flux d'un liquide (36) tout en 



6. D^tecteur d'inclusions seion la revendication 5, ca- 
racterise.en ce que les moyens d'ajustement ajus- 
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tent un niveau de tension applique au disposltif de 
comnnande (74). 

7. D^tecteur d'incluslons salon la revendication 5 ou 
6, caracterise en ce que le disposltif de commande 
comprend : 

un premier transistor (134, 136) ; et 
un deuxifeme transistor ; et 
les premier et deuxieme transistors sont sensi- 
bles ^lectriquement k roscillateur pour appll- 
quer la tension fournie au disposltif de com- 
mande au transducteur d'^mlssion et la retirer 
de celul-cl de manl^re altem6e. 

8. D^tecteur d'incluslons selon Tune queiconque des 
revendlcations 2 k 7, caractdrlsd en ce que le 
transducteur de r^eptlon est ultrasonore et en ce 
que les moyens d' Interpretation comprennent: 

un redresseur (80) sensible 6lectriquement au 
transducteur de reception ; et 
au moins un comparateur de signal (92) sensi- 
ble eiectriquement au redresseur. 

9. D^tecteur d'incluslons selon la revendication 8, ca- 
racterise en ce que les moyens d'interprdtation 
comprennent, de plus : 

un amplificateur (76) sensible 6lectriquement 
au transducteur ultrasonore de r^eption, le re- 
dresseur etant sensible electriquement k 
rampllficateur ; et 

un f litre (84) sensible Electriquement au redres- 
seur» ledit au moins un comparateur de signal 
Etant sensible Electriquement au filtre. 

10. DEtecteur d'incluslons selon la revendication 9, ca- 
racterise en ce que les moyens d'ajustement de 
niveau ajustent le signal Emis pour maintenir un ni- 
veau de tension moyen entre le filtre et ledit au 
moins un comparateur k une valeur constante. 

11. DEtecteur d'incluslons selon I'une queiconque des 
revendlcations 8 6 10, caractErisE, de plus, par : 

un autre comparateur de signal (94) sensible- 
ment identique audit au moins un comparateur 
et sensible Electriquement au redresseur. 

12. DEtecteur d'incluslons selon I'une queiconque des 
revendlcations 8 & 1 0, caracterise en ce que ledit 
au moins un comparateur de signal comprend : 

un premier comparateur de signal (250) sensi- 
ble Electriquement au redresseur pour dEtecter 
la prEsence d'une dEfalllance du dEtecteur 
d'incluslons ; 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



un deuxlEme comparateur de signal (252) sen- 
sible Electriquement au redresseur pour dEtec- 
ter la prEsence d'une inclusion relativement 
grande ; et 

un troisiEme comparateur de signal (254) sen- 
sible Electriquement au redresseur pour dEtec- 
ter la prEsence d'une inclusion relativement pe- 
tite. 

13. DEtecteur d'inciusions selon I'une queiconque des 
revendlcations 8 k 12, caracterisE en ceque les 
moyens d'ajustement de signal comprennent, de 
plus : 

un IntEgrateur (206) sensible Electriquement au 
redresseur ; et 

des moyens d'ajustement de tension d'alimen- 
tation (208) sensibles Electriquement a I'intE- 
grateur 

14. DEtecteur d'inciusions selon I'une queiconque des 
revendlcations 3^13, dans lequel ledit conduit (34) 
est un tube flexible et caracterise par un support 
de tube (32) pour retenir ledit tube flexible (34) en 
contact avec lesdits transducteurs ultrasonores 
(40), comprenant : ... 

un premier bloc de montage (38) ; 

une premiere face de contact de tube gEnEra- 

lement plane (374) ayant un axe et un premier 

bord avant (378) gdnEralement parall^le k 

I'axe; 

u ne premiEre rainure de retention de tube (386) 
mEnagEe dans la premiere face de contact de 
tube, la premiere rainure de contact de tube 
Etant gEnEralement parall^le k I'axe et espacEe 
d'une distance prEdEterminEe du bord avant et 
ayant une configuration en section transversale 
gEnEralement en arc ; 

un premier transducteur ultrasonore montE 
dans le premier bloc de montage au-dessous 
et k proximttE de la premiere rainure de rEten- 
tlon de tube ; 

un deuxlEme bloc de montage (42) ; 
une deuxlEme face de contact de tube gEnEra- 
lement plane (374) ayant un axe et un deuxiE- 
me bord avant (378) gEnEralement parallfele k 
I'axe; 

une deuxlEme rainure de rEtention de tube 
(386) mEnagEe dans la deuxlEme face de con- 
tact de tube, la deuxieme rainure de contact de 
tube Etant g6n6ralement parailEle^ I'axe et es- 
pacEe d'une distance prEdEterminEe du bord 
avant et ayant une configuration en section 
transversale gEnEralement en arc ; et 
un boTtier (320) f'lxant et supportant les premier 
et deuxlEme blocs de montage dans une rela- 
tion dans laquelle : 
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la premiere face de contact de tube fait fa- 
ce k la deuxi^me face de contact de tube, 
est g^n^ralement parall^te d la deuxi^me 
face de contact de tube et est espac6e 
d*une distance pr6d6tennlnte de la 
deuxl^nie face de contact de tube ; 
le premier bord avant est g6n6ralement pa- 
ralldle et oppose au deuxieme bord avant ; 
la premiere rainure de retention detube est 
g^n^ralennent parall6ie et oppos6e k la 
deuxl§me rainure de retention de tube ; et 
la distance pr6d6termin6e est choisie pour 
permettre au tube d'etre ins6r6 entre la 
premiere face de contact de tube et la 
deuxi&me face de contact de tube k I'em- 
placement des premier et deuxifeme bords 
avant lorsque le tube est comprim6 de ma- 
nifere relativement importante, et retenu 
dans les premiere et deuxieme rainures de 
retention de tube lorsque le tube est relati- 
vement molns comprim6. 

15. D^tecteur d'incluslons selon la revendication 14, 
caracterise en ce que le deuxieme transducteur 
ultrasonore (44) est montd dans le deuxidme bloc 
de montage au-dessous et k proximity de la deuxi^ 
me rainure de retention de tube k un emplacement 
gen^ralement oppose k i'emplacement du premier 
transducteur ultrasonore. 

16. Ddtecteur d'inclusions selon la revendication 14 ou 
15, caracterise en que les bords avant sent 
chanfreinds. 

17. D^tecteur d'incluslons selon I'une quelconque des 
revendlcations 1 d 16, caracterise en ce que Tin- 
elusion est au moins une bulle de I'un au molns par- 
mi de I'air et du gaz. 

18. Detecteur d'incluslons selon I'une quelconque des 
revendlcations 1^16, caracterise en ceque Tin- 
clusion est une particule soltde. 

19. Detecteur d'incluslons selon Tune quelconque des 
revendlcations 1^18, caracterise en ce que le 11- 
quide est Tun au moins panml des liquldes biologi- 
ques et phannaceutlques. 

20. Detecteur d'incluslons selon la revendication 19, 
caracterise en ce que le liqulde est Tun pamii du 
sang et un composant du sang. 

21. Detecteur d'incluslons selon la revendication 1 ou 
2, caracterise en ce que le signal est un signal lu- 
mineux. 

22. Appareil de traitement de sang extracorporel (20), 
caract^risd en ce qu'il comprend un detecteur d'ln- 
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elusions selon Pune quelconque des revendlcations 
1621. 

23. Appareil de traitement de sang extracorporel selon 
s la revendication 22, caracterise en ce que Tappa- 

rell de traitement de sang est un appareil de d iaiyse. 

24. Precede pour detector la presence d'incluslons 
dans un liqulde (36) circulant dans un conduit (34) 

10 tout en compensant des caract6 ristiques k variation 
lente de l*environnement de detection, 
comprenant : 

la. commando d'un transducteur d'dmisslon 
IS (40) pour 6mettre un signal k travers le liqulde 

. k un niveau de signal 6nnis ; 
la r^eptiondu signal k un niveau designal regu 
au moyen d'un transducteur de reception (44), 
le signal regu 6tant transf orm6 par le passage 
20 ^ travers le llquide ; 

rinterpr^tation du signal regu pour d^tecter la 
presence ou I'absence d'une inclusion, une va- 
riation soudaine du niveau du signal regu 6XanX 
Indicative de la presence d'une inclusion ; et 
25 Tajustement d'un signal pour rendre compte 

des caract^rlstlques kt variation lente de Terivl- 
ronnement de d6tection tout en pennettant la 
detection desdites variations soudaines ; ca- 
racterise par 

30 Tajustement du niveau moyen du signal ^mis 

par ledit transducteur d'^mission (40) en reac- 
tion aux caract^ristlques k variation lente de 
Tenvironnenftent de detection pour maintenir la 
valeur moyenne du signal regu par ledit trans- 

35 ducteur de r^eption (4-4) ^ un niveau constant. 

25. Proc§d6 de detection selon la revendication 24, ca- 
ractdrisd en ce que le conduit est un tube medical 
en mati^re plastique flexible comportant une parol 

40 circonf^rentielle et les signaux sent dmis et regus k 
travers la parol du tube. 

26. Proc6d6 de detection selon la revendication 24 ou 
25, caracterise en ce que le signal est un signal 

45 ultrasonore. 

27. Proc6d6 de detection selon la revendication 24, ca- 
racterise par : 

50 la generation d'un signal oscillatoire ; et 

la commands 6lectrique d'un premier transduc- 
teur ultrasonore avec le signal oscillatoire pour 
produire des vibrations mteaniques ultrasono- 
res. 

55 

28. Precede de detection selon la revendication 27, ca- 
racterise par rampllfication du signal oscillatoire 
d'un facteur de gain predetermine avant que le si- 
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gnal oscillatoire commande electriquement le 
transducteur ultrasonore. 

29. Proc^d6de detection selon la revendication 28, ca- 
racterise en ce que I'^tape d'ajustement comprend s 
la determination du gain determine de i'^tape d'am- • 
piiftcation pour maintenir une valeur constante d'un 
niveau de. tension qui est proportionnel au niveau 

du signal regu. 

10 

30. Procdd6 de detection selon Tune quetconque des 
revendications 26 a 29, caracterise par : 

la commande mdcanlque d'un deuxl^me trans- 
ducteur ultrasonore avec les vibrations m6ca- is 
niques uttrasonores produltes par le premier 
transducteur ultrasonore pour produire un si- 
gnal eiectrique ; et 

le redressement du signal ^tectrique pour pro- 
duire un signal diectrique redress^. 20 

31 . Procdd6 de detection selon la revendication 30. ca- 
racterise par : 

ramplification du signal 6lectrlque avant qu'il 25 
solt redress^ ; et 

le flltrage du signal ^lectrique redress^ pour 
produire un signal 6lectrique filtr^. 

32. ProcSd^ de detection selon ta revendication 31 , ca- 30 
racterise en ce que I'^tape d'ajustement de niveau 
comprend I'^justemept de Tintensitd des vibrations 
m^caniques ultrasonoreis produites par le premier 
transducteur ultrasonore pour maintenir le niveau 
moyen du signal ^lectrique f iltr^ ^ une valeur cons- 3s 
tante. 

33. Proc6d6 de detection selon la revendication 32» ca- 
racterise en ce que I'^tape d'ajustement de signal 
comprend, de plus : 40 

rint^gration de la valeur du signal diectrique f li- 
tre pour produire un signal eiectrlque Integra ; 
et 

I'ajustement de I'lntensit6 des vibrations m6ca- 
niques uttrasonores produites par le premier 
transducteur ultrasonore en r^ponse au signal 
eiectrlque Integra. 



la comparaison du signal eiectrique fiitr6 k un 
premier signal de reference predetermine pour 
detecter ta presence d'une inclusion relative- 
ment' grande ; et 

la comparaison du signal ^lectrique fittre ^ un 
deuxieme signal de reference predetemriine 
pour detecter la presence d'une inclusion rela- 
tivement petite. 

36. Procede de detection seion Tune quelconque des 
revendications 24 k 35, caracterise en ce que Tin- 
elusion est au moins une bulle de I'un au molns par- 
mi de I'air et du gaz. 

37. Precede de detection selon Tune quelconque des 
revendications 24 k 35, caracterise en ce que I'ln- 
clusion est une particule sollde. 

38. Precede de detection selon Tune quelconque des 
revendications 24 k 37, caracterise en ce que le 
liqulde est I'un au moins parmi des liquides biologl- 
ques et pharmaceutlques. 

39. Precede de detection selon la revendication 38, ca- 
racterise en ce que le liqu Ide est I'un parmI du sang 
et un composant du sang. 

40. Procede de detection selon la revendication 24 ou 
25, caracterise en ce que le signal est un signal 
lumlneux. 

41. Procede de detection selon Tune quelconque des 
' revendications 24 a 35, dans lequel au moins Tune 

des inclusions est une microbulle, caracterise par 
la mesure de la quantite d'alr sous la forme de mi- 
crobulles dans le liqulde circulant dans le conduit, 
comprenant : 

la generation d'au molns une impulsion de si- 
gnal logique pourchaque microbulle detectee ; 
le comptage du nombre d'impulsions logiques 
generees pendant une periode de temps 
predeterminee ; 

I'etablissement du nombre d'impulsions de si- 
gnal logiques qui repr^sentent une microbulle ; 
la constatation du nombre de microbulles dans 
le tube pendant la pehode de temps predeter- 
minee. 



34. Precede de detection seion Tune quelconque des 
revendications 31 ^33, caracterise en ce que 
retape d'interpretation comprend la comparaison 
du signal eiectrique filtre k au moins un signal de 
reference predetemriine. 

35, Procede de detection selon la revendication 34, ca- 
racterise en ce que retape d'interpretation com- 
prend, de plus : 



so 42. Precede de detection selon la revendication 41, 
dans lequel : 

les impulsions logiques sont generees a une 
frequence predetemninee pendant une periode de 
temps de detection lorsqu'une microbulle est 

55 detectee ; et retape d'etabllssement comprend : 

la detemnination d'une valeur d'une constante 
qui est directement proportionnelle k ia fre- 
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quence k laquelle les impulsions logiquessont 
gen^r^es et directement proportionnelle k une 
tailte de mtcrobulle attendue ; et 
la division de la constante par un d^bit du liqui- 
de dans le tube. 5 




43. Proc^dd selon la revendication 41 ou 42, caracte- 
rlse en ce que I'^tape de constatatlon comprend, 
de plus : 

la division du nombre d'impulsions logiques io 
comptees pendant la periode de tennps pr6d6temii- 
n6e par le nombre d'impulsions logiques qui repr6- 
sentent une microbulle. 

44. Proc6d^ selon Tune quelconque des revendicatlons is 
41 ^43, caracterise par : 

la corr6lation du nombre de microbulles cons- 
tate pendant la periode de temps pred6termin6e 
avec un volume d'air dans le liquide qui circule pen- 
dant la periode de temps pr6d6terminde. 20 

45. Proc^de selon Tune quelconque des revendicatlons 
41 k 44, caracterise par : 

la comparaison du nombre de microbulles 
constats pendant la pdiiode de temps pr6d6termi- 25 
n6e avec un nombre de microbulles admissble 
pendant la p6riode de temps. 

46. ProcSdS selon Tune quelconque des revendicatlons 
41 a 45, caracterise par : 

racttvation d'une alarme si le nombre de mi- 
crobulles constats pendant la p6riode de temps 
predetemnin6e d^passe le nombre de microbulles 
admissible pendant la periode de temps. 

47. Apparell de traltement de sang extracorporal selon 
i'une quelconque des revendicatlons 1 & 23 com- 
prenant des moyens pour fonctionner confonTi6- 
ment au proc^d^ tel que d^fini dans Tune quelcon- 
que des revendications 41 ^ 46. 
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Fig. 10 
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Fig. 14 
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